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(54) Vehicle tire information obtaining apparatus and tire information processing apparatus 



(57) A vehicle tire information obtaining apparatus 
for obtaining tire information (50) relating to a mounted 
tire (10) and a non-mounted tire (12) of a vehicle. The 
apparatus includes: (a) tire state detectors (30, 32; 1 02, 
1 04, 1 06) which are provided in the respective tires (10, 
12) and each of which detects a state of the correspond- 
ing tire; (b) transmitters (38) which are provided in the 
respective tires and which transmit tire data sets (52, 
54, 56, 58, 60), as the tire information, each containing 



at least one tire-state data element (56, 58) represent- 
ative of the detected state of the corresponding tire; (c) 
a receiver (70, 78; 1 96) which is provided in a body (22) 
of the vehicle and which receives the tire data sets trans- 
mitted by the transmitters; and (d) a non-mounted-tire 
information separator (74; 200, 202; 210; 212) which 
separates the tire data set transmitted from the non- 
mounted tire, from the tire data set transmitted from the 
mounted tire. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention. 

[0001] The present invention relates to a vehicle tire 
information obtaining apparatus for obtaining tire infor- 
mation relating to tires of a vehicle, and also to a vehicle 
tire information processing apparatus for processing the 
tire information. 

Discussion of Related Art 

[0002] JP-A-1 1-78446 discloses a vehicle tire pres- 
sure information obtaining apparatus for obtaining infor- 
mation indicative of air pressures of a plurality of tires 
of a vehicle which include a mounted tire mounted on 
an axle of the vehicle and a non-mounted tire carried by 
the vehicle. In this tire pressure information obtaining 
apparatus, the information coming from the non-mount- 
ed tire is not separatedf rom the information coming from 
the mounted tire. Therefore, a warning device is activat- 
ed not only when the air pressure indicated by the infor- 
mation of the mounted tire is lower than a predetermined 
minimum value but also when the air pressure indicated 
by the information of the non-mounted tire is lower than 
the predetermined minimum value. That is, in the con- 
ventional apparatus, the warning device is activated in 
the same manner irrespective of whether the informa- 
tion indicating the low pressure is originated from the 
mounted tire or the non-mounted tire. 

SUMMARY OF THE INVENTION 

[0003] It is therefore an object of the present invention 
to make the information of the non-mounted tire distin- 
guishable or separable from the information of the 
mounted tire. This object may be achieved by a vehicle 
tire information obtaining apparatus or a vehicle tire in- 
formation processing apparatus constructed according 
to any one of the following modes of the present inven- 
tion, each of which is numbered like the appended 
claims and depends from the other mode or modes, 
where appropriate, to indicate and clarify possible com- 
binations of elements or technical features. It is to be 
understood that the present invention is not limited to 
the technical features or any combinations thereof 
which will be described for illustrative purpose only. It is 
to be further understood that a plurality of elements or 
features included in any one of the following modes of 
the invention are not necessarily provided all together, 
and that the invention may be embodied without some 
of the elements or features described with respect to the 
same mode. 

[0004] (1 ) A vehicle tire information obtaining appara- 
tus for obtaining tire information relating to a plurality of 
tires of a vehicle which include a mounted tire mounted 
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on an axle of the vehicle and a non-mounted tire carried 
by the vehicle, the apparatus comprising: 

tire state detectors which are provided in the re- 
5 spective tires and each of which detects a state of 

a corresponding one of the tires; 
transmitters which are provided in the respective 
tires and which transmiUire data sets, as the tire 
information, each containing at least one tire-state 
io data element representative of the detected state 
of a corresponding one of the tires; 
a receiver which is provided in a body of the vehicle 
and which receives the tire data sets transmitted by 
the transmitters; and 
'5 a non-mounted-tire information separator which 
separates one of the tire data sets that has been 
transmitted from the non-mounted tire, from one of 
the tire data sets that has been transmitted from the 
mounted tire. 

20 

[0005] In the vehicle tire information obtaining appa- 
ratus of this mode (1) of the present invention, the tire 
data set transmitted from the non-mounted tire is sepa- 
rated from the tire data set transmitted from the mounted 

25 tire. For example, such a separation can be made by an 
arrangement in which the tire data set transmitted from 
the mounted tire is received by the receiver while the 
tire data set transmitted from the non-mounted tire is not 
received by the receiver, or by another arrangement in 

30 which the tire data set of the non-mounted tire as well 
as that of the mounted tire is received by the receiver in 
such a manner that permits the tire data set of the non- 
mounted tire to be distinguishable from that of the 
mounted tire, as in the apparatus described below in 

35 mode (39). 

[0006] The non-mounted tire could be provided by a 
tire having a relatively high air pressure (e.g., a tempo- 
rary spare tire which is carried by the vehicle and has 
not yet mounted on the axle of the vehicle) in some case, 

^0 while could be provided by a tire having a relatively low 
air pressure (e.g., a regular tire which had been mount- 
ed on the axle of the vehicle and has been then dis- 
mounted from the axle due to a reduction in the air pres- 
sure) in other case. Where the temporary spare tire con- 

45 sists of a so-called "Tempa Tire" (trademark), the spare 
tire has smaller section width and overall diameter than 
those of a regular tire, in the interest of reducing a space 
required for the storage. For carrying the spare tire with 
the vehicle, the spare tire may be held inside or outside 

so the vehicle body. The spare tire may be stored in a lug- 
gage space, engine room or other space inside the ve- 
hicle body. In case of a RV (recreational vehicle), for ex- 
ample, the spare tire may be hung on a rear wall of the 
vehicle body, stored in a floor of the body, or fixedly dis- 
ss posed under the body floor. 

[0007] The term "mounted tire" or "non-mounted tire" 
may be interpreted to mean only a tire, or an assembly 
of a tire and a wheel. Each of the tire state detectors or 
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each of the transmitters may be fixed to the tire, or al- 
ternatively, may be fixed to the wheel on which the tire 
is mounted. 

[0008] (2) A vehicle tire information obtaining appara- 
tus according to mode (1) t wherein the non-mounted- 
tire information separator includes a non-mounted-tire 
information determining portion which automatically de- 
termines whether each of the tire data sets received by 
the receiver has been transmitted from the non-mount- 
ed tire or not. 

[0009] In the vehicle tire information obtaining appa- 
ratus of this mode (2) of the invention, it is automatically 
determined whether each of the tire data sets received 
by the receiver has been actually transmitted from the 
non-mounted tire or not. The determination can be ef- 
fected without a vehicle driver's operation of a manual 
switch, which operation is required in the apparatus dis- 
closed in JP-A-1 1-78446. In other words, the determi- 
nation can be effected even during running of the vehi- 
cle. It is noted that the determination as to whether each 
tire data set has been transmitted from the non-mounted 
tire is equivalent to a determination as to whether each 
tire data set has been transmitted from the mounted tire. 
This is because it can be determined that the tire data 
set has not been transmitted from the non-mounted tire 
if the same tire data set is determined to have been 
transmitted from the mounted tire. Further, the determi- 
nation as to whether each tire data set has been trans- 
mitted from the non-mounted tire is equivalent to a dis- 
tinction of the tire data set of the non-mounted tire from 
the tire data set of the mounted tire. Still further, the de- 
termination as to whether each tire data set has been 
transmitted from the non-mounted tire is equivalent to a 
determination as to whether the transmitter having 
transmitted the tire data set is provided in the non- 
mounted tire. This is because each tire data set relating 
to a corresponding one of the tires is transmitted from 
the transmitter provided in the corresponding tire. 
[001 0] (3) A vehicle tire information obtaining appara- 
tus according to mode (1 ) or (2), wherein the non-mount- 
ed-tire information separator includes a non-mounted- 
tire information determining portion which determines 
whether each of the tire data sets received by the re- 
ceiver has been transmitted from the non-mounted tire 
or not, on the basis of the each of the tire data sets re- 
ceived by the receiver. 

[001 1] Each of the tire data sets may include, in addi- 
tion to the tire-state data element or elements, a data 
required to the transmission, an identification data rep- 
resentative of an identification of each tire, and other 
data elements, so that each tire data set consists of the 
plurality of data elements arranged in a predetermined 
pattern. In the apparatus of this mode (3), it is deter- 
mined whether each tire data set has been actually 
transmitted from the non-mounted tire, on the basis of 
the tire data set, which commonly has at least one ele- 
ment varying depending upon whether the tire date set 
is originated from the mounted tire or the non-mounted 



tire. 

[0012] As a tire-state-related amount or value repre- 
sentative of a state of each tire, there are an air pressure 
of the tire, a temperature of the tire, a force applied to 
5 the tire (in a vertical, transverse or longitudinal direction 
of the vehicle), an amount indicative of a shape of the 
tire and an amount indicative of a motion of the tire. The 
wheel supporting the tire may be provided with an ap- 
plied-force detector operable to detect the force applied 
10 to the tire, and a motion-amount detector operable to 
detect the motion amount of the tire, so that a data rep- 
resentative of the detected force and a data represent- 
ative of the detected motion amount are transmitted as 
the tire-state data elements independently of ortogether 
*s with a data element representative of the tire air pres- 
sure and a data element representative of the tire tem- 
perature. The amount indicative of the shape of the tire 
may be provided by a radial dimension of the tire (e.g., 
a distance RH between an outer circumferential surface 
20 of the wheel and an inner circumferential surface of the 
tire), an axial width dimension of the tire (e.g., a distance 
RV between opposite sidewalls of the tire, or a distance 
between one of the sidewalls and a certain point of the 
wheel), or a volume of the tire. The axial width of the tire 
25 can be obtained from the distance between the sidewall 
and the certain point of the wheel. Each of the distances 
RH, RV can be measured by a non-contact-type sensor 
adapted to sense an optical path or a magnetic field 
which varies depending upon the distance. Further, an 
30 aspect ratio of the tire can be obtained from the radial 
dimension and the axial width dimension of the tire. 
[0013] The state of each tire differs depending upon 
whether the tire is currently mounted on the axle or not. 
While the non-mounted tire is carried by the vehicle with 
35 substantially no force acting on the non-mounted tire, 
the mounted tire is mounted on the axle with a force act- 
ing on the mounted tire at least in the height or vertical 
direction. Thus, since the force acting on the mounted 
tire in the vertical direction is larger than the force acting 
40 on the non-mounted tire in the vertical direction, it is pos- 
sible to know that the data indicative of the relatively 
large vertical force is originated from the mounted tire 
while the data indicative of the relatively small vertical 
force is originated from the non-mounted tire. As to the 
45 amount of the motion, too, there is a difference between 
the mounted tire and the non-mounted tire, since the 
mounted tire is rotated together with the axle while the 
non-mounted tire is held stationary. Thus, the tire data 
set of the non-mounted tire is distinguishable from that 
50 of the mounted tire, by taking account of the data rep- 
resentative of the amount of the motion of the tire. Fur- 
ther, the determination as to whether each tire data set 
is from the non-mounted tire can be made by seeing if 
the tire data set contains a data element or elements 
55 representing a periodic deformation of the tire. This is 
because the mounted tire tends to be elastically de- 
formed in its part or entirety in a periodic manner while 
the non-mounted tire is not subjected to such a periodic 



3 



BNSDOCID: <EP_ 1338446A2 I > 



EP 1 338 446 A2 



deformation. 

[001 4] During running of the vehicle, the temperature 
of the mounted tire is increased, as shown in Fig. 7, due 
to heat generation caused by its periodic deformation 
and its f rictional contact with a road surface. The elastic 
deformation and the friction force acting between the tire 
and the road surface tend to be increased, for example, 
as a result of acceleration, deceleration, turning or ver- 
tical vibration of the vehicle. On the other hand, the tem- 
perature of the non-mounted tire is held in a level cor- 
responding to a temperature in a position (e.g., in the 
luggage space or outside the vehicle body) in which the 
non-mounted tire is fixedly disposed. The temperature 
in the luggage space might be somewhat increased or 
reduced as the time passes during running of the vehi- 
cle, but an amount of the change of the temperature is 
relatively small. Where the non-mounted tire is fixedly 
disposed outside the vehicle body, the temperature of 
the non-mounted tire is held in substantially a constant 
level corresponding to the ambient temperature, since 
the non-mounted tire is neither elastically deformed nor 
brought into contact with the road surface. Thus, it is 
possible to determine whether each tire data set is orig- 
inated from the non-mounted tire or not, by seeing the 
tire temperature per se and/or the change in the tire tem- 
perature during running of the vehicle. It should be noted 
that a rate of the increase in the tire temperature is not 
always constant but rather variable due to variation in a 
running or operation condition of the vehicle. For exam- 
ple, the vehicle tends to be alternately started and 
stopped (accelerated and decelerated), wherein a fre- 
quency of the alternate running and stopping and a ratio 
between the running time and the stopping time are var- 
iable depending upon the running or operation condition 
of the vehicle. However, as shown in Fig. 7, it can be 
asserted at least that the temperature of the mounted 
tire tends to be increased as the time passes during run- 
ning of the vehicle and that the rate of the increase in 
the temperature of the mounted tire is larger than that 
in the temperature of the non-mounted tire. Further, the 
temperature of the tire is not increased to an unlimited 
extent, but is eventually held in constant after having 
being increased to a certain level that is dependent on 
the running or operating condition of the vehicle. This 
certain level of the mounted tire is higher than that of 
the non-mounted tire. Namely, the temperature of the 
mounted tire is increased to a higher level at a higher 
rate, than the temperature of the non-mounted tire. 
[0015] Wherethe non-mounted tire is disposed inside 
the vehicle body, a difference between the amounts of 
change of the temperature of the mounted and non- 
mounted tires is greater than that where the non-mount- 
ed tire is disposed outside the vehicle body. This is be- 
cause the temperature of the non-mounted tire disposed 
inside the vehicle body is held in a level corresponding 
to a temperature inside the vehicle body while the tem- 
perature of the mounted tire is influenced by the external 
ambient (e.g., a wind, rain, snow, temperature of surface 
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road). 

[001 6] The increase in the temperature of the tire per 
se leads to an increase in the temperature of an air with- 
in the tire and the consequent expansion of the air. The 

5 air pressure of the tire is thus increased with the in- 
crease in the tire temperature. The air pressure of the 
mounted tire is more easily increased and more change- 
able than that of the non-mounted tire. It is therefore 
possible to determine whether each tire data set is orig- 

10 inated from the non-mounted tire, by seeing the air pres- 
sure per se and/or the change rate of the air pressure 
(i.e., the change amount of the air pressure during a cer- 
tain length of time). Further, since a force is applied to 
the mounted tire in the longitudinal direction during ac- 

15 celeration or deceleration of the vehicle, the determina- 
tion can be made also on the basis of the force applied 
to the tire in the longitudinal direction. With the force ap- 
plied to the mounted tire in the vertical or longitudinal 
direction, a ratio between the distances RH, RV (e.g., 

20 the aspect ratio RH/RV) is changed. That is, the deter- 
mination can be made based on the ratio between the 
distances RH, RV during running of the vehicle. 
[0017] As is clear from the description as described 
above, the determination as to whether each tire data 

25 set is originated from the non-mounted tire can be ef- 
fected in light of the fact that the difference between the 
temperatures of the mounted and non-mounted tires is 
increased as a result of running of the vehicle, namely, 
with increase in the running time and distance, or after 

30 the running time and distance have reached predeter- 
mined values. 

[0018] Further, the determination can be effected also 
based on the identification data included in each tire da- 
ta set. The identification data is usually utilized to check 

35 whether each tire data set received by the receiver has 
been transmitted from one of the tires of the vehicle in 
question. Such an identification data can be adapted to 
indicate whether each tire data set is originated from the 
non-mounted tire or not and also indicate from which 

40 one of the four wheels (front right and left wheels FR, 
FL and rear right and left wheels RR, RL) the mounted- 
tire data set is originated. When a spare tire is loaded 
as the non-mounted tire onto the vehicle, the identifica- 
tion data included in the tire data set of the spare tire 

45 may be adapted to be representative of the spare tire 
rather than of a regular tire, so that the tire data set of 
the spare tire can be correctly identified based on such 
an identification data. For example, a distance between 
the spare tire and the receiver disposed in the vehicle 

50 body is likely to be changed during installation of the 
spare tire on the vehicle body. In this instance, the tire 
data set transmitted from the spare tire is not received 
by the receiver when the distance is largerthan a certain 
amount, while the same tire data set is received by the 

55 receiver when the distance is not larger than the certain 
amount. It is therefore possible to determine that the 
spare tire is represented by the identification data in- 
cluded in the tire data set exhibiting such a change aris- 
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ing from the change of the distance. 
[0019] The distinction of the tire data set of the non- 
mounted tire from that of the mounted tire does not have 
to be made necessarily based on the same data element 
of the tire data set. For example, after the tire data set 
of the non-mounted tire is first distinguished from that 
of the mounted tire based on at least one of the tire-state 
data elements (such as the temperature data, the air 
pressure data, the shape data, the applied-force data 
and the motion amount data) rather than the identifica- 
tion data, the subsequent distinctions can be made 
based on the identification data of the non-mounted tire 
which has been memorized in the first distinction. That 
is, in this case, the first distinction of the data set of the 
non-mounted tire is made based on the tire-state data 
element, and the subsequent distinctions are made 
based on the identification data. 

[0020] For the distinction of the tire data set of the 
non-mounted tire, the tire data sets of the tires can be 
checked individually from each other, for example, by 
checking if each of the tire data sets satisfies a condition 
required for the determination that the tire data set has 
been transmitted from the non-mounted tire. However, 
it is also possible to distinguish the tire data set of the 
non-mounted tire, by comparing the tire data sets with 
each other. In the latter case, the distinction of the tire 
data set of the non-mounted tire can be made, for ex- 
ample, on the basis of the quantitative data represent- 
ative of the state of each tire, or on the basis of changes 
in the quantitative data. It is common that there is a large 
difference between a value indicated by the quantitative 
data of the mounted tire and that indicated by the quan- 
titative data of the non-mounted tire. 
[0021] The state of the tire (such as the tire tempera- 
ture, the air pressure and the tire shape) is influenced 
by an environmental condition under which the tire is 
used. For example, the tire is deformed in a manner var- 
iable depending upon the environmental condition. That 
is, the environmental condition affects the deformation 
of the tire and the other physical states of the tire. The 
environmental condition tends to be changeable de- 
pending upon the running condition of the vehicle. As 
described above, the temperature of the tire is more in- 
creased where the frequency of the alternate accelera- 
tion and deceleration is relatively high, than where the 
frequency is relatively low. Thus, it can be asserted that 
the environmental condition is defined by at least one of 
the running condition of the vehicle, atmospheric pres- 
sure (which is influenced by an altitude and a weather), 
weather (e.g., rain, wind, humidity) and road surface 
condition (e.g., coefficient of friction of road surface, 
temperature at road surface). It is preferable to effect 
the determination as to whether each tire date set is from 
the non-mounted tire, by taking account of the influence 
of the environmental condition on the state of the tire. 
[0022] (4) A vehicle tire information obtaining appara- 
tus according to mode (2) or (3), 

wherein the above-described at least one tire- 



state data element, which represents the detected state 
of the corresponding one of the tires, includes at least 
one of a temperature data representative of a tempera- 
ture of the corresponding tire, an air pressure data rep- 
5 resentative of an air pressure of the corresponding tire, 
a shape data representative of a shape of the corre- 
sponding tire, an applied-force data representative of a 
force applied to the corresponding tire, and a motion da- 
ta representative of a motion of the corresponding tire, 
10 and wherein the non-mounted-tire information de- 

termining portion includes a tire-state-basis determining 
portion which determines whether each of the tire data 
sets received by the receiver has been transmitted from 
the non-mounted tire or not, on the basis of the above- 

15 described at least one tire-state data element which is 
contained in the each of the tire data sets. 
[0023] In the vehicle tire information obtaining appa- 
ratus of this mode (4) of the invention, it is determined 
whether each tire data set has been transmitted from 

20 the non-mounted tire or not, on the basis of the tire-state 
data element or elements which are contained in the tire 
data. Since the mounted tire and the no-mounted tire 
differ from each other in the state of the tire which is 
represented by the tire-state data element or elements, 

25 the determination as to whether each tire data set is from 
the non-mounted tire or not can be effected based on 
the tire-state data element or elements. 
[0024] (5) A vehicle tire information obtaining appara- 
tus according to mode (4), 

30 wherein the above-described at least one tire- 

state data element includes the temperature data, 

and wherein the tire-state-basis determining por- 
tion of the non-mounted-tire information determining 
portion includes a tire-temperature-change-basis deter- 

35 mining portion which determines whether each of the 
tire data sets received by the receiver has been trans- 
mitted from the non-mounted tire or not, on the basis of 
change of the temperature represented by the temper- 
ature data. 

40 [0025] As is apparent from Fig. 7, the determination 
as to whether each tire data set has been transmitted 
from the non-mounted tire can be effected on the basis 
of change of the temperature of the corresponding tire. 
This arrangement is advantageous in that the tire data 

*s set of the non-mounted tire can be identified before the 
temperature is held in the constant level, namely, in a 
relatively early stage after an ignition switch of the ve- 
hicle has been turned on. For example, it can be deter- 
mined that the tire data set has been transmitted from 

50 the non-mounted tire where the rate of the increase in 
the tire temperature is smaller than a predetermined 
amount. Further, it is also possible to compare the rates 
of the temperature increases in the respective tires, so 
that one of the tire data sets indicating the lowest in- 

55 crease rate can be determined to have been transmitted 
from the non-mounted tire. The change of the tire tem- 
perature may be represented by, for example, a deriva- 
tive of the temperature with respect to time, a N-th de- 
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rivative of the temperature with respect to time (N£2), 
an average rate of the change during a relatively large 
length of time, or a pattern of the change. Since it is com- 
mon that the vehicle is started and stopped in an alter- 
nated manner, it is preferable that the change of the tire 
temperature is represented by the average rate of the 
change during a large length of time. 
[0026] (6) A vehicle tire information obtaining appara- 
tus according to mode (4) or (5), 

wherein the above-described at least one tire- 
state data element includes the temperature data, 

and wherein the tire-state-basis determining por- 
tion of the non-mounted-tire information determining 
portion includes a temperature-difference-basis deter- 
mining portion which determines whether each of the 
tire data sets received by the receiver has been trans- 
mitted from the non-mounted tire or not, on the basis of 
a difference between an ambient temperature and the 
temperature represented by the temperature data. 
[0027] As shown in Fig. 1 1 , it is common that a differ- 
ence between the ambient temperature and the temper- 
ature of the non-mounted tire is smaller than a difference 
between the ambient temperature and the temperature 
of the mounted tire. It is noted that the difference be- 
tween the ambient temperature and the temperature of 
the non-mounted tire is smaller where the non-mounted 
tire is disposed outside the vehicle body, than where the 
non-mounted tire is disposed in the luggage space of 
the vehicle. 

[0028] (7) A vehicle tire information obtaining appara- 
tus according to any one of modes (4)-(6), 

wherein the above-described at least one tire- 
state data element includes the motion data, 

and wherein the tire-state-basis determining por- 
tion of the non-mounted-tire information determining 
portion includes a tire-motion-basis determining portion 
which determines whether each of the tire data sets re- 
ceived by the receiver has been transmitted from the 
non-mounted tire or not, on the basis of the motion rep- 
resented by the motion data. 

[0029] The motion of the tire may be of any kind of 
motions such as a vibration of the tire, a rotation of the 
tire, an acceleration of the tire and a deceleration of the 
tire, for example. The vibration of the tire may be a vi- 
bration of the tire in a vertical, longitudinal or width di- 
rection of the vehicle while the tire is mounted on the 
axle of the vehicle. The motion-amount detectormay.de- 
tect a predetermined kind of motion of the tire, or may 
detect a compound movement of the tire which is con- 
stituted by two or more kinds of motions of the tire. Since 
there is a case where the motion of the tire is caused by 
a force applied to the tire, the motion of the tire can be 
detected also by the applied-force detector in such a 
case. In the apparatus of this mode (7), the determina- 
tion as to whether each tire data set is from the non- 
mounted tire can be effected on the basis of the amount 
of the motion or the amounts of the motions of the tire. 
[0030] (8) A vehicle tire information obtaining appara- 



tus according to any one of modes (4)-(7), wherein the 
tire-state-basis determining portion of the non-mount- 
ed-tire information determining portion includes a run- 
ning-state-basis determining portion which determines 

5 whether each of the tire data sets received by the re- 
ceiver has been transmitted from the non-mounted tire 
or not, on the basis of the above-described at least one 
tire-state data element during running of the vehicle. 
[0031] In the apparatus of this mode (8) of the inven- 

10 tion, the determination as to whether each tire data set 
is from the non-mounted tire can be effected on the ba- 
sis of the tire-state data element or elements during run- 
ning of the vehicle rather than during parking of the ve- 
hicle (i.e., stopping of the vehicle for such a long time 

15 that the tire temperature is substantially equalized to the 
ambient temperature). The mounted tire and the non- 
mounted tire tend to differ from each other in the tire- 
state data by a larger extent during running the vehicle, 
than during parking of the vehicle. The term "running of 

20 the vehicle" should be interpreted to mean not only a 
continuous running in which the vehicle runs at a con- 
stant speed not lower than a predetermined value, but 
also an intermittent running in which the vehicle alter- 
nately runs and stops such that the vehicle stop time is 

25 so short that the stopping is ignorable with respect to 
the tire temperature or other state of the tire. That is, the 
running of the vehicle is interpreted as a state contrary 
to the parking of the vehicle. It is noted that the deter- 
mination can be effected also during stopping or parking 

30 of the vehicle. For example, where the tire data set in- 
cludes the identification data, the determination can be 
effected based on the identification data. Where a 
switch is operated by the vehicle operator each time a 
tire replacement is made, such a determination based 

35 on the identification data can be effected in response to 
the operation of the switch, as described below in the 
DETAILED DESCRIPTION OF THE PREFERRED EM- 
BODIMENTS. 

[0032] (9) A vehicle tire information obtaining appara- 

40 tus according to any one of modes (4)-(8), wherein the 
tire-state-basis determining portion of the non-mount- 
ed-tire information determining portion includes a tire- 
state-change-basis determining portion which deter- 
mines whether each of the tire data sets received by the 

45 receiver has been transmitted from the non-mounted 
tire or not, on the basis of the above-described at least 
one tire-state data element upon initiation of running of 
the vehicle and the above-described at least one tire- 
state data element during running of the vehicle. 

so [0033] As shown in Fig. 12, the temperature of each 
tire and the change of the temperature after initiation of 
running of the vehicle vary depending upon whether the 
initiation of running of the vehicle follows mere parking 
of the vehicle, or follows replacement of the mounted 

55 tire with the non-mounted tire after running of the vehicle 
for a relatively large length of time. Where the initiation 
of running follows the parking, the temperatures of the 
mounted tire and non-mounted tire are substantially 
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equal to each other upon the initiation of running, and 
then the temperature of the mounted tire is increased at 
a relatively high rate while the temperature of the non- 
mounted tire is changed (commonly increased) at a 
small rate. On the other hand, where the initiation of run- 
ning follows the replacement of the tires, the difference 
between the temperatures of the mounted and non- 
mounted tires is large upon initiation or restart of running 
of the vehicle, and then the temperature of the non- 
mounted tire (which used to be mounted as the mounted 
tire on the axle before the tire replacement) is reduced 
while the temperature of the newly mounted tire (which 
used to be carried as the non-mounted tire by the vehicle 
before the tire replacement) is increased. In this in- 
stance, the temperatures of the other mounted tires 
(which used to be mounted on the axles also before the 
replacement) are held substantially constant. In the ap- 
paratus of this mode (9) of the invention, the tire-state- 
change-basis determining portion effects the determi- 
nation on the basis of the tire-state data element or el- 
ements upon initiation of running of the vehicle following 
parking of the vehicle or replacement of the tires and 
also the tire-state data element or elements during run- 
ning of the vehicle. 

[0034] (1 0) A vehicle tire information obtaining appa- 
ratus according to any one of modes (4)-(9), 

wherein the above-described at least one tire- 
state data element includes the temperature data, 

and wherein the tire-state-basis determining por- 
tion of the non-mounted-tire information determining 
portion includes a temperature-difference-basis deter- 
mining portion which determines whether each of the 
tire data sets received by the receiver has been trans- 
mitted from the non-mounted tire or not, on the basis of 
a difference among temperatures of the plurality of tires 
each of which is represented by the temperature data 
upon initiation of running of the vehicle, and also the 
temperatures during running of the vehicle. 
[0035] In the apparatus of this mode (1 0) of the inven- 
tion, the temperature-difference-basis determining por- 
tion effects the determination on the basis of the differ- 
ence among the temperatures of the tires upon initiation 
of running of the vehicle, and also on the basis of the 
temperatures of tires and/or changes of the tempera- 
tures of tires during the running of the vehicle. 
[0036] (1 1 ) A vehicle tire information obtaining appa- 
ratus according to any one of modes (4)-(1 0), 

wherein the above-described at least one tire- 
state data element includes the temperature data, 

and wherein the tire-state-basis determining por- 
tion of the non-mounted-tire information determining 
portion includes a temperature-difference-basis deter- 
mining portion which determines whether each of the 
tire data sets received by the receiver has been trans- 
mitted from the non-mounted tire or not, on the basis of 
a difference between an ambient temperature and the 
temperature represented by the temperature data upon 
initiation of running of the vehicle, and also at least one 



of the temperature represented by the temperature data 
during running of the vehicle and change of the temper- 
ature represented by the temperature data during run- 
ning of the vehicle. 
5 [0037] In the apparatus of this mode (1 1 ) of the inven- 
tion, the temperature-difference-basis determining por- 
tion effects the determination on the basis of the differ- 
ence between the ambient temperature and the tire tem- 
perature represented by the temperature data upon in- 
fo itiation of running of the vehicle, and also on the basis 
of the tire temperature and/or change of the tire temper- 
ature during the running of the vehicle. The change of 
the temperature of each tire during running of the vehicle 
is influenced by the ambient temperature. Since the 
is mounted tire and the non-mounted tire are influenced 
by the ambient temperature differently from each other, 
it Is preferable to detect the difference between the am- 
bient temperature and the temperature of each tire be- 
fore running of the vehicle and to take account of the 
20 detected difference in the determination as to whether 
each tire data set is from the non-mounted tire or not. 
[0038] Where the ambient temperature is considera- 
bly lower than the tire temperature upon initiation of run- 
ning of the vehicle, the temperature of the mounted tire 
25 is provisionally reduced after the initiation of running and 
is then increased as the time passes during running of 
the vehicle. The temperature of the non-mounted tire is 
reduced to a level dependent on the ambient tempera- 
ture after the initiation of running, and is then held sub- 
so stantially constant. In such a case where the ambient 
temperature is considerably lower than the tire temper- 
ature, it is preferable that the determination (as to wheth- 
er each tire data set is from the non-mounted tire or not) 
is effected on the basis of the tire temperature and/or 
35 temperature change represented by the temperature 
data after a point of time at which the temperature of the 
mounted tire is considered to begin to be increased. 
[0039] (1 2) A vehicle tire information obtaining appa- 
ratus according to any one of modes (2)-(11), wherein 
^0 the non-mounted-tire information determining portion 
includes a number-basis checking portion which checks 
determination as to whether each of the tire data sets 
has been transmitted from the non-mounted tire, by see- 
ing if a number of the tire data sets determined to have 
45 been transmitted from the non-mounted tire is not larger 
than a predetermined number. 

[0040] It is common that the number of the non- 
mounted tire or tires is known. In the apparatus of this 
mode (1 2) of the invention, if the number of the tire data 

so sets determined to be from the non-mounted tire coin- 
cides with the predetermined number, it is possible to 
consider that the determination is correct. If the number 
of the tire data sets determined to be from the non- 
mounted tire is larger than the predetermined number, 

55 it is possible to consider that the determination is not 
correct. If the number of the tire data sets determined to 
be from the non-mounted tire is smaller than the prede- 
termined number, it is possible to consider that the de- 
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termination is correct. This is because there is a case 
where the mounted tire is replaced by the non-mounted 
tire, and the mounted tire removed from the axle in the 
replacement is then discarded instead of being carried 
as a new non-mounted tire by the vehicle. 
[0041 ] Where the determination is effected by check- 
ing if a content of each of the tire data sets satisfies a 
predetermined condition, there is a possibility that the 
number of the tire data sets determined to have been 
transmitted from the non-mounted tire might be larger 
than the actual number of the non-mounted tire or tires. 
Such an erroneous determination is advantageously 
prevented in the apparatus of this mode (12). On the 
other hand, where the determination is effected by com- 
paring the tire data sets with each other, there is sub- 
stantially no possibility that the number of the tire data 
sets determined to have beer transmitted from the non- 
mounted tire is larger than the actual number of the non- 
mounted tire or tires. 

[0042] (1 3) A vehicle tire information obtaining appa- 
ratus according to any one of modes (2)-(12), 

wherein each of the tire data sets includes an iden- 
tification data which identifies a corresponding one of 
the plurality of tires, 

wherein the non-mounted-tire information deter- 
mining portion includes a non-mounted-tire identifica- 
tion data obtaining portion which is activated to obtain 
a content represented by the identification data of the 
non-mounted tire, 

1 and wherein the non-mounted-tire identification 
data obtaining portion is activated each time a predeter- 
mined condition is satisfied. 

[0043] In the apparatus of this mode (1 3) of the inven- 
tion, the content of the identification data of the non- 
mounted tire is obtained each time the predetermined 
condition is satisfied. The content of the identification 
data of the non-mounted tire is not necessarily constant 
but is changeable when the content is updated. The last 
obtained content of the identification data and the newly 
obtained content of the identification data are the same 
in some case and are different from each other in other 
case. The content of the identification data of the non- 
mounted tire is changed, for example, where the mount- 
ed tire is replaced with the non-mounted tire, or where 
the non-mounted tire is replaced with a new non-mount- 
ed tire. It is noted that the vehicle tire information obtain- 
ing apparatus described in any one of modes (2)-(12) 
may be adapted to obtain the content represented by 
the identification data included in one of the tire data 
sets, which is determined by the non-mounted-tire infor- 
mation data determining portion to have been transmit- 
ted from the non-mounted tire. 

[0044] (14) A vehicle tire information obtaining appa- 
ratus according to mode (13), 

wherein the non-mounted-tire information separa- 
tor separates the one of the tire data sets transmitted 
from the non-mounted tire on the basis of the content 
represented by the identification data of the non-mount- 
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ed tire that has been obtained as a result of last satis- 
faction of the predetermined condition, during a period 
of time after a first moment at which the predetermined 
condition is newly satisfied and before a second mo- 

5 ment at which the content represented by the identifica- 
tion data of the non-mounted tire is newly obtained, 

and wherein the non-mounted-tire information 
separator separates the one of the tire data sets trans- 
mitted from the non-mounted tire on the basis of the con- 

10 tent represented by the identification data of the non- 
mounted tire that is newly obtained as a result of new 
satisfaction of the predetermined condition, after the 
second moment. 

[0045] In the apparatus of this mode (1 4) of the inven- 
ts tion, the separation of the tire data set of the non-mount- 
ed tire from that of the mounted tire is made on the basis 
of the last obtained content of the identification data of 
the non-mounted tire, during the period between the first 
moment at which the predetermined condition is newly 
20 satisfied and the second moment at which the content 
of the identification data of the non-mounted tire is newly 
obtained. Where the replacement of the tires is not ef- 
fected after the content of the identification data of the 
non-mounted tire has been last obtained, the last ob- 
25 tained content of the identification data of the non- 
mounted tire still correctly represents the actual non- 
mounted tire. In such a case, the separation of the tire 
data set of the non-mounted tire can be made based on 
the last obtained content of the identification data of the 
30 non-mounted tire. 

[0046] (15) A vehicle tire information obtaining appa- 
ratus according to mode (13), 

wherein the non-mounted-tire information separa- 
tor does not separate the one of the tire data sets trans- 
35 mitted from the non-mounted tire, during a period of time 
after a first moment at which the predetermined condi- 
tion is newly satisfied and before a second moment at 
which the content represented by the identification data 
of the non-mounted tire is newly obtained, 
40 and wherein the non-mounted-tire information 

separator separates the one of the tire data sets trans- 
mitted from the non-mounted tire on the basis of the con- 
tent represented by the identification data of the non- 
mounted tire that is newly obtained as a result of new 
45 satisfaction of the predetermined condition, after the 
second moment. 

[0047] In the apparatus of this mode (1 5) of the inven- 
tion, the separation of the tire data set of the non-mount- 
ed tire from that of the mounted tire is suspended until 

so the content of the identification data of the non-mounted 
tire is newly obtained. During this suspended period, the 
tire data sets of all the tires may be equally obtained 
without separating the tire data set of the non-mounted 
tire from that of the mounted tire, or alternatively, the 

55 obtainment of the tire data sets of all the tires may be 
suspended. 

[0048] (1 6) A vehicle tire information obtaining appa- 
ratus according to any one of modes (1)-(15), 
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wherein each of the tire data sets includes a quan- 
titative data element, 

the vehicle tire information obtaining apparatus 
further comprising: 

a tire information sorter which sorts the tire data sets 
received by the receiver, according to a predeter- 
mined threshold value, on the basis of the quantita- 
tive data element of each of the tire data sets. 

[0049] In the apparatus of this mode (1 6) of the inven- 
tion, the plurality of tire data sets can be sorted or divid- 
ed into a plurality of groups. For example, it is possible 
to divide the tire data sets into the tire data set transmit- 
ted from the non-mounted tire and the tire data set trans- 
mitted from the mounted tire, and to accordingly sepa- 
rate the tire data set transmitted from the non-mounted 
tire from the tire data set from the mounted tire. It is also 
possible to otherwise divide the data sets, for example, 
into the data set of a front tire and the data set of a rear 
tire, or into the data set of a tire having a high degree of 
necessity for replacement with another and the data set 
of a tire having a low degree of necessity for replace- 
ment with another. It is noted that the apparatus of this 
mode (16) provides a technical advantage even if the 
apparatus does not include the features described in 
modes (1)-(15). 

[0050] (1 7) A vehicle tire information obtaining appa- 
ratus according to mode (16), 

wherein the quantitative data element is provided 
by each of the above-described at least one tire-state 
data element, 

and wherein the tire information sorter includes a 
threshold-value determining portion which determines 
the threshold value, on the basis of a tire-state-related 
value represented by each of the above-described at 
least one tire-state data element when a running state 
of the vehicle satisfies a predetermined condition. 
[0051] In the apparatus of this mode (1 7) of the inven- 
tion, the threshold value is determined based on the tire- 
state-related value when the running state of the vehicle 
satisfies the predetermined condition. Although the 
threshold value may be a predetermined constant value, 
it is preferable that the threshold value is dependent on 
the tire-state-related value during actual running of the 
vehicle, as in the apparatus of this'mode (17), particu- 
larly, where the tire -state- related value and change of 
the tire-state-related value are considerably influenced 
by the running condition of the vehicle. For example, in 
an arctic region, a tropical region and other region hav- 
ing a severe environmental condition, it is preferable 
that the threshold value is determined based on the tire- 
state-related value during actual running of the vehicle 
under such a severe environmental condition. 
[0052] Where the identification data of each tire is 
stored in a data storage prior to the detection of the tire- 
state-related value of each tire during running of the ve- 
hicle, it is possible to utilize a relationship between the 



identification data and the detected tire-state-related 
value, for determining a threshold value that is suitable 
for a desired kind of sorting of the tire data sets. How- 
ever, storing the identification data prior to the detection 
5 of the tire-state-related value is not essential. For exam- 
ple, where the tire data sets have to be divided into a 
tire data set of one non-mounted tire and tire data sets 
of four mounted tires, if the tire -state- related value of 
one tire data set is deviated from the tire-state-related 
io values of the other four tire data sets which are close to 
each other, it is possible to determine a threshold value 
such that the threshold value is located between the de- 
viated value and the mutually close values. 
[0053] Where the sorting of the tire data sets is effect- 
's ed during running of the vehicle, it is preferable that the 
threshold value is determined in substantially the same 
state as a state in which the sorting is effected. The sort- 
ing is effected in such a state that differentiates the tire- 
state-related values of the vehicle of the tires, for exam- 
20 pie, where the running state of the vehicle satisfies the 
predetermined condition, namely, where an accumula- 
tive amount of load applied to each tire has reached a 
predetermined amount. The predetermined condition 
may be, for example, that the running distance or run- 
25 ning time of the vehicle be not smaller than a predeter- 
mined value. It is noted that the threshold value should 
be determined in a state suitable for the sorting of the 
tire data sets. That is, the predetermined condition is 
dependent on the state suitable for the sorting of the tire 
30 data sets. 

[0054] The threshold value for each individual vehicle 
may be determined only once without modifying the de- 
termined threshold value, or alternatively, the threshold 
value for each individual vehicle may be determined or 
35 modified a plurality of times. However, it is preferable 
that the threshold value is newly determined or modified 
each time an operating condition or environment is 
changed, for example, when the weather is seasonally 
changed, or when the vehicle is transferred to a new 
40 region having a different climate. In a region in which 
the difference between daily maximum and minimum 
temperatures is large, the threshold value is preferably 
determined or modified at least twice a day. Further, the 
threshold value may be determined or modified period- 
's ically, or each time a predetermined condition is satisfied 
(e.g., each time the ambient temperature is changed by 
at least a predetermined value). 

[0055] (18) A vehicle tire information obtaining appa- 
ratus according to mode (16), 

>° wherein the non-mounted-tire information separa- 

tor includes a non-mounted-tire information determining 
portion which determines whether each of the tire data 
sets received by the receiver has been transmitted from 
the non-mounted tire or not, 

,5 and wherein the tire information sorter is included 

in the non-mounted-tire information determining portion, 
and includes a threshold-basis non-mounted-tire infor- 
mation sorting portion which sorts out the one of the tire 
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data sets transmitted from the non-mounted tire, from 
the one of the tire data sets transmitted from the mount- 
ed tire. 

[0056] (1 9) A vehicle tire information obtaining appa- 
ratus according to any one of modes (1 )-(1 8), compris- 5 
ing a non-mounted-tire information ignorer which ig- 
nores the one of the tire data sets transmitted from the 
non-mounted tire. 

[0057] In the apparatus of this mode (1 9) of the inven- 
tion, where the tire data set of the non-mounted tire as 
well as that of the mounted tire is received by the receiv- 
er, the tire data set of the non-mounted tire is ignored. 
During running of the vehicle, in general, the information 
of the non-mounted tire is not required so much and ac- 
cordingly may be ignored. Further, there is even a case 
where it is preferable that the information of the non- 
mounted tire is ignored, as discussed below in "DE- 
TAILED DESCRIPTION OF THE PREFERRED EM- 
BODIMENTS". 

[0058] Ignoring the tire data set of the non-mounted 
tire is equivalent to abstaining from handling it as 
unignorable information, and corresponds to the follow- 
ing arrangements: 

(i) a determination as to whether the tire state is ab- 
normal or not (e.g., by checking if the tire air pres- 
sure is lower than a predetermined minimum value 
or if the tire temperature is higher than a predeter- 
mined maximum value) is not effected on the basis 
of the tire-state data element or elements contained 
in the tire data set of the non-mounted tire; 
(j) even where the determination as to whether the 
tire state is abnormal is made on the basis of the 
tire-state element contained in the tire data set of 
the non-mounted tire, and even if the tire state is 
determined to be abnormal in this determination, 
the abnormality of the tire is disregarded, for exam- 
ple, without setting an abnormality flag to ON; 
(k) where the abnormality flag has been already set 
to ON (e.g., before the ignition switch is placed in 
its ON state), the abnormality flag is reset to OFF 
(e.g., after the ignition switch is placed in its ON 
state) if it is determined that the ON state of the ab- 
normality flag is due to the tire state represented by 
the tire-state data element or elements transmitted 
from the non-mounted tire; 

(I) where there is a tire data set which is not received 
by the receiver, the tire data set is left unreceived if 
it is determined that the tire data set in question has 
been transmitted from the non-mounted tire; 
(m) where an external device controls the vehicle 
on the basis of the tire data sets or by taking account 
of the tire data sets, the tire information obtaining 
apparatus does not outputs the tire data set of the 
non-mounted tire to the external device; and 
(n) where a failsafe control is executed by an exter- 
nal device in the event of abnormality of the tire 
state, the tire data set indicative of the abnormality 
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is not outputted to the external device if it is deter- 
mined that the tire data set in question has been 
transmitted from the non-mounted tire. 

In general, it is not so necessary to effect the determi- 
nation as to whether the tire state of the non-mounted 
tire is normal or abnormal, and to inform the vehicle op- 
erator of a result of the determination. Similarly, it is not 
so necessary to execute the failsafe control when the 
tire state of the non-mounted tire is abnormal. Further, 
it is not so necessary to control the vehicle on the basis 
of the tire state of the non-mounted tire. 
[0059] (20) A vehicle tire information obtaining appa- 
ratus according to any one of modes (1)-(19), compris- 
ing a data processor which processes the one of the tire 
data sets transmitted from the mounted tire and which 
does not process the one of the tire data sets transmitted 
from the non-mounted tire. 

[0060] In the apparatus of this mode (20) of the inven- 
tion, the receiver may be adapted not to receive the tire 
data set from the non-mounted tire, or may be adapted 
to receive the tire data set from the non-mounted tire as 
well as that from the mounted tire. In the latter case, the 
data processor can be adapted not to process the tire 
data set transmitted from the non-mounted tire. 
[0061] (21) A vehicle tire information obtaining appa- 
ratus according to any one of modes (1)-(20), compris- 
ing a data processor which processes the one of the tire 
data sets in a mounted-tire data processing manner and 
which processes the one of the tire data sets in a non- 
mounted -tire data processing manner that is different 
from the mounted-tire data processing manner. 
[0062] In the apparatus of this mode (21 ) of the inven- 
tion, the data processor may include a mounted-tire data 
processing portion for processing the tire data set of the 
mounted tire in the mounted-tire data processing man- 
ner, and a non-mounted-tire data processing portion for 
processing the tire data set of the non-mounted tire in 
the non-mounted-tire data processing manner. 
[0063] (22) A vehicle tire information obtaining appa- 
ratus according to any one of modes (1 )-(21 ), 

wherein each of the tire data sets includes an iden- 
tification data which identifies a corresponding one of 
the plurality of tires, 

the vehicle tire information obtaining apparatus 
comprising a non-mounted-tire identification data stor- 
age which distinguishes the tire data set transmitted 
from the non-mounted tire, from the tire data set trans- 
mitted from the mounted tire, and which stores the iden- 
tification data included in the tire data set transmitted 
from the non-mounted tire. 

[0064] In the apparatus of this mode (22) of the inven- 
tion, the tire data set transmitted from the non-mounted 
tire is separated or distinguished from the data set trans- 
mitted from the mounted tire, and the identification data 
included in the tire data set of the non-mounted tire is 
then stored as a non-mounted-tire identification data in 
the non-mounted-tire identification storage. After the 
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non-mounted-tire identification data has been stored in 
the storage, the determination as to whether each tire 
data set has been transmitted from the non-mounted tire 
can be made based on the identification data included 
in the tire data set of each tire. The separation or dis- 
tinction of the tire data set of the non-mounted tire from 
that of the mounted tire can be made in any one of the 
various manners as described above in modes (3)-(21). 
Where it can be determined that the non-mounted tire 
is provided by one of the tires having the lowest air pres- 
sure, the tire data set of the non-mounted tire can be 
distinguished from that of the mounted tire, by compar- 
ing the air pressures of the respective tires with each 
other. For example, when the mounted tire whose air 
pressure has been reduced due to its puncture is re- 
moved from the axle so as to be replaced by the non- 
mounted tire, the air pressure of the removed tire may 
be further reduced to be lower than a predetermined 
threshold (which corresponds to a minimum pressure 
amount required to permit the vehicle to run for a pre- 
determined length of time) before the removed tire isdis- 
posed on a designated position in the vehicle body, 
thereby making it possible to determine, when the vehi- 
cle runs for at least the predetermined length of time 
after the tire replacement, that the tire whose air pres- 
sure is lower than the predetermined threshold is pro- 
vided by the non-mounted tire. Further, for such an 
event of the tire replacement, a reset switch (initializa- 
tion switch) may be provided to be operable to adapt the 
non-mounted-tire information separator to separate the 
tire having the lowest air pressure, from the other tires. 
[0065] (23) A vehicle tire information obtaining appa- 
ratus according to any one of modes (1)-(22), wherein 
the non-mounted-tire information separator includes a 
communication inhibitor which inhibits a communication 
between the receiver and one of the transmitters pro- 
vided in the non-mounted tire. 

[0066] In the apparatus of this mode (23) of the inven- 
tion, the tire data set transmitted from the non-mounted 
tire is separated from the tire data set transmitted from 
the mounted tire, by inhibiting the tire data set of the 
non-mounted tire from being received by the receiver. 
For example, if the apparatus is provided with a provi- 
sion for obstructing the communication between the 
non-mounted tire and the receiver, it is easy to inhibit 
the tire data set of the non-mounted tire from being re- 
ceived by the receiver. However, the provision for ob- 
structing the communication is not essential, because it 
is possible to restrict radiation of a signal emitted from 
the non-mounted tire, for example, by damping the ra- 
diation, so that the signal does not reach the receiver. 
[0067] (24) A vehicle tire information obtaining appa- 
ratus according to mode (23), wherein the communica- 
tion inhibitor includes an information-reception disabling 
portion which disables a signal from the one of the trans- 
mitters provided in the non-mounted tire, from being re- 
ceived by the receiver. 

[0068] In the apparatus of this mode (24), the signal 



transmitted from the transmitter provided in the non- 
mounted tire is not received by the receiver. The infor- 
mation-reception disabling portion may be provided with 
a device capable of absorbing or reflecting an electro- 
5 magnetic wave emitted from the transmitted provided in 
the non-mounted tire, or obstructing or damping the ra- 
diation of the electromagnetic wave, so that the signal 
emitted from the non-mounted tire does not reach the 
receiver. 

10 [0069] (25) A vehicle tire information obtaining appa- 
ratus according to mode (23) or (24), wherein the infor- 
mation-reception inhibitor includes a shielding member 
which blocks transmission of a signal from the one of 
the transmitters provided in the non-mounted tire, to the 

*5 receiver. 

[0070] In the apparatus of this mode (25), the shield- 
ing member is provided between the receiver and the 
transmitter provided in the non-mounted tire, so that the 
electromagnetic wave emitted from the transmitter pro- 

20 vided in the non-mounted tire does not reach the receiv- 
er. The shielding member is provided in such a manner 
that inhibits the communication between the receiver 
and the transmitter. For example, the shielding member 
may be arranged to cover or surround the entirety of the 

25 non-mounted tire, or cover a part of the non-mounted 
tire in which the transmitter is provided. It is preferable 
that the shielding member is disposed in the vicinity of 
the non-mounted tire or the transmitter provided in the 
non-mounted tire, rather than in the vicinity of the re- 

30 ceiver./This is because there is a risk that the tire data 
set transmitted from the mounted tire is not received by 
the receiver, if the shielding member is disposed in the 
vicinity of the receiver. 

[0071] The shielding member may be provided by a 

35 member which includes a material having a conductivity 
and which is capable of blocking an electromagnetic 
wave. For example, the shielding member may be made 
entirely of a conductive material, or may be made of a 
resin, cloth or other base material containing a conduc- 

40 tive material. The shielding member may take the form 
of a vessel having a certain degree of rigidity, or alter- 
natively, may take the form of a sheet having a certain 
degree of flexibility. Described more specifically, the 
shielding member may be formed, by incorporating a 

45 conductive material into a base material, weaving a mix- 
ture of a conductive fiber and an organic fiber, weaving 
a fiber including a conductive material and an organic 
material, or covering a base material with a coating 
made of a conductive material. It is noted that the base 

so material may be provided by a resin, cloth or other ma- 
terial while the conductive material may be provided by 
a metal, carbon or other material. 
[0072] (26) A vehicle tire information processing ap- 
paratus for processing tire information relating to a plu- 

55 rality of tires of a vehicle which include a mounted tire 
mounted on an axle of the vehicle and a non-mounted 
tire carried by the vehicle, the apparatus comprising: 
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tire state detectors which are provided in the re- 
spective tires and each of which detects a state of 
a corresponding one of the tires; 
transmitters which are provided in the respective 
tires and which transmit tire data sets, as the tire 
information, each containing at least one tire-state 
data element representative of the detected state 
of a corresponding one of the tires; 
a receiver which is provided in a body of the vehicle 
and which receives the tire data sets transmitted by 
the transmitters; and 

a mounted-tire-state-data processor which proc- 
esses the tire-state data element transmitted from 
the mounted tire, and which does not process the 
tire-state data element transmitted from the non- 
mounted tire. 

[0073] In the vehicle tire information processing ap- 
paratus of this mode (26) of the invention, the receiver 
may be adapted to receive only the tire data set trans- 
mitted from the mounted tire, or may be adapted to re- 
ceive the tire data set transmitted from the non-mounted 
as well as the tire data set transmitted from the mounted 
tire. In the latter case, the tire data set transmitted from 
the non-mounted tire is distinguished from the tire data 
set transmitted from the mounted tire, so that the above- 
described at least one tire-state data element contained 
in the tire data set of the non-mounted tire is not proc- 
essed while that contained in the tire data set of the 
mounted tire is processed. Where the above-described 
at least one tire-state data element consists of a plurality 
of tire-state data elements, all the plurality of tire-state 
data elements of the non-mounted tire do not have to 
be abstained from being processed, but some of the tire- 
state data elements of the non-mounted tire may be 
processed. It is noted that the technical feature de- 
scribed in any one of the above modes (1)-(25) is appli- 
cable to the tire information processing apparatus of this 
mode (26). 

[0074] (27) A vehicle tire information processing ap- 
paratus according to mode (26), 

wherein the above-described at least one tire- 
state data element, which represents the detected state 
of the corresponding one of the tires, includes an air 
pressure data representative of an air pressure of the 
corresponding tire, 

and wherein the mounted-tire-state-data proces- 
sor includes a non-mounted-tire pressure data ignoring 
portion which ignores the air pressure data included in 
the above-described at least one tire-state data element 
transmitted from the non-mounted tire. 
[0075] (28) A vehicle tire information processing ap- 
paratus according to mode (26) or (27), 

wherein the above-described at least one tire- 
state data element, which represents the detected state 
of the corresponding one of the tires, includes an air 
pressure data representative of an air pressure of the 
corresponding tire, 
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and wherein the mounted-tire-state-data proces- 
sor includes a data output controlling portion which does 
not output the air pressure data included in the tire-state 
data element transmitted from the non-mounted tire, to 

5 an external device provided outside the vehicle tire in- 
formation processing apparatus, the data output con- 
trolling portion outputting the air pressure data included 
in the tire-state data element transmitted from the 
mounted tire, to the external device. 

10 [0076] (29) A vehicle tire information processing ap- 
paratus according to any one of modes (26)-(28), 

wherein the above-described at least one tire- 
state data element, which represents the detected state 
of the corresponding one of the tires, includes an air 

15 pressure data representative of an air pressure of the 
corresponding tire, 

and wherein the mounted-tire-state-data proces- 
sor includes: 

20 an air-pressure abnormality determining portion 
which effects a determination as to whether the air 
pressure of each of the tires is lower than a prede- 
termined minimum value or not; and 
an informing device which informs a vehicle opera- 
25 tor of a tire-air-pressure abnormality when an af- 
firmative decision in the determination is obtained 
on the basis of the air pressure data included in the 
tire-state data element transmitted from the mount- 
ed tire, and which does not Inform the vehicle oper- 
30 ator of the tire- air-pressure abnormality when the 
affirmative decision in the determination is obtained 
on the basis of the air pressure data included in the 
tire-state data element transmitted from the non- 
mounted tire. 

35 

[0077] (30) A vehicle tire information processing ap- 
paratus according to mode (29), wherein the informing 
device includes: 

40 an indicator which is activated to indicate the tire- 
air-pressure abnormality; and 
an indicator controlling portion which activates the 
indicator when the affirmative decision in the deter- 
mination is obtained on the basis of the air pressure 
45 data included in the tire-state data element trans- 
mitted from the mounted tire, and which does not 
activate the indicator when the affirmative decision 
in the determination is obtained on the basis of the 
air pressure data included in the tire-state data el- 
50 ement transmitted from the non-mounted tire. 

[0078] In the tire information processing apparatus of 
this mode (30) of the invention, the indicator is not acti- 
vated if the air pressure data indicating the air pressure 
55 lower than the predetermined minimum value is trans- 
mitted from the non-mounted tire. The informing device 
is interpreted to mean a device adapted to inform the 
vehicle operator of the state of each tire. The informing 
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device may take the form of a warning device which is 
activated exclusively in the event of an abnormality of 
the tire state, to inform the vehicle operator of the fact 
of the abnormality. The informing device may include 
means for visually or auditorily informing the vehicle op- 5 
erator of the information relating to the state of each tire. 
The visually informing means may be provided by, for 
example, a display for showing the detected value of the 
air pressure of the tire or indicating an abnormality of 
the air pressure, or a flashing lamp for indicating wheth- 10 
er the air pressure is normal or abnormal. The auditorily 
informing means may be provided by, for example, a 
voice emitter for emitting a voice representative of the 
detected value of the air pressure, or a sound emitter 
activated in the event of an abnormality of the air pres- 15 
sure. 

[0079] (31) A vehicle tire information processing ap- 
paratus for processing tire information relating to a plu- 
rality of tires of a vehicle which include a mounted tire 
mounted on an axle of the vehicle and a non-mounted 20 
tire carried by the vehicle, the apparatus comprising: 

tire state detectors which are provided in the re- 
spective tires and each of which detects a state of 
a corresponding one of the tires; 25 
transmitters which are provided in the respective 
tires and which transmit tire data sets, as the tire 
information, each containing at least one tire-state 
data element representative of the detected state 
of a corresponding one of the. tires; 30 
• v a receiver which is provided in a body of the vehicle 
and which receives the tire data sets transmitted by 
: the transmitters; 

a non-mounted-tire information determining portion 
which determines whether each of the tire data sets 35 
received by the receiver has been transmitted from 
the non-mounted tire or not; and 
a data processor which processes the tire data sets 
in a predetermined first manner when one of the tire 
data sets can be determined to have been transmit- 40 
ted from the non-mounted tire, the data processor 
processing the tire data sets in a predetermined 
second manner different from the predetermined 
first manner when none of the tire data sets can be 
determined to have been transmitted from the non- 4s 
mounted tire. 

[0080] In the tire information processing apparatus of 
this mode (31 ) of the invention, the tire data sets are 
processed in one of the different manners which is se- so 
lected depending upon whether one of the tire data sets 
can be determined to have been transmitted from the 
non-mounted tire or not, namely, whether the tire data 
set of the non-mounted tire is distinguishable from that 
of the mounted tire or not. The tire data sets are proc- ss 
essed in the above-described predetermined first man- 
ner in the case (hereinafter referred to as "distinguish- 
able case") where the tire data set of the non-mounted 



tire is distinguishable, for example, where the identifica- 
tion data of the actual non-mounted tire is stored in the 
non-mounted-tire identification data storage. The tire 
data sets are processed in the above-described prede- 
termined second manner in the case (hereinafter re- 
ferred to as "undistinguishable case") where the tire da- 
ta set of the non-mounted tire is not distinguishable, for 
example, where the identification data of the actual non- 
mounted tire is not stored in the non-mounted-tire iden- 
tification data storage. It is noted that there is a case 
where the data storage stores the identification data rep- 
resenting an ex-non-mounted tire which has been re- 
placed by the actual non-mounted tire. This case corre- 
sponds to the undistinguishable case where the identi- 
fication data of the actual non-mounted tire is not stored 
in the data storage. 

[0081] The data processor, which processes the tire 
data set in the different manners, may be adapted as 
follows: 

(i) processing all of the tire data sets equally irre- 
spective whether each data set is actually originat- 
ed from the mounted tire or the non-mounted tire in 
the undistinguishable case, while processing the 
tire data set of the mounted tire without processing 
the tire data set of the non-mounted tire in the dis- 
tinguishable case; 

(ii) processing none of the tire data sets in the un- 
distinguishable case, while processing the tire data 
set of the mounted tire without processing the tire 
data set of the non-mounted tire in the distinguish- 
able case; 

(iii) informing the vehicle operator of a tire-state ab- 
normality if at least one of the tire data sets trans- 
mitted from the tires indicates an abnormality in the 
undistinguishable case, while informing the vehicle 
operator of the tire-state abnormality if the abnor- 
mality is indicated by the tire data set of the mounted 
tire rather than that of the non-mounted tire in the 
distinguishable case. 

It is noted that the technical feature described in any one 
of the above modes (1)-(30) is applicable to the tire in- 
formation processing apparatus of this mode (31). 
[0082] (32) A vehicle tire information processing ap- 
paratus according to mode (31), 

wherein the data processor processes the tire da- 
ta sets without taking account of whether each of the tire 
data sets has been transmitted from the mounted tire or 
the non-mounted tire, when none of the tire data sets 
can be determined to have been transmitted from the 
non-mounted tire, 

and wherein the data processor processes the tire 
data sets, by taking account of whether each of the tire 
data sets has been transmitted from the mounted tire or 
the non-mounted tire, when one of the tire data sets can 
be determined to have been transmitted from the non- 
mounted tire. 
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[0083] (33) A vehicle tire information processing ap- 
paratus for processing tire information relating to a plu- 
rality of tires of a vehicle which include a mounted tire 
mounted on an axle of the vehicle and a non-mounted 
tire carried by the vehicle, the apparatus comprising: 

tire state detectors which are provided in the re- 
spective tires and each of which detects a state of 
a corresponding one of the tires; 
transmitters which are provided in the respective 
tires and which transmit tire data sets, as the tire 
information, each containing at least one tire-state 
data element representative of the detected state 
of a corresponding one of the tires; 
a receiver which is provided in a body of the vehicle 
and which receives the tire data sets transmitted by 
the transmitters; and 

a pressure-data processor which processes an air 
pressure data included in the above-described at 
least one tire-state data element, 

wherein the pressure-data processor includes: 

an air-pressure abnormality determining portion 
which effects a determination as to whether an air 
pressure of each of the tires is lower than a prede- 
termined minimum value or not; and 
an informing device which informs a vehicle opera- 
tor of a result of the determination in one of different 
manners that is selected depending upon whether 
the result of the determination relates to the mount- 
ed tire or the non-mounted tire. 

[0084] In the tire information processing apparatus of 
this mode (33) of the invention in which the vehicle op- 
erator can be informed of the fact that the air pressure 
of the non-mounted tire is low, the operator can recog- 
nize a need of replacing the non-mounted tire with an- 
other tire. For example, where the informing device in- 
cludes an indicator capable of being activated in a se- 
lected one of a plurality of different manners, the indica- 
tor may be activated in the suitable one of the different 
manners that is selected depending upon whether the 
low air pressure is indicated by the mounted tire or the 
non-mounted tire. The indicator may be provided by, for 
example, a sound emitter activated to emits a sound 
whose tone or loudness is changeable, or a lamp acti- 
vated to be flashed in an intermittently manner change- 
able depending upon the selected manner. It is noted 
that the technical feature described in any one of the 
above modes (1)-(32) is applicable to the tire informa- 
tion processing apparatus of this mode (33). 
[0085] (34) A vehicle tire information processing ap- 
paratus according to mode (33), wherein the informing 
device includes at least two indicators, one of which is 
placed in one of different operational states that is se- 
lected depending upon whether the air pressure of the 
mounted tire is lower than the predetermined minimum 



value or not, and the other of which is placed in one of 
different operational states that is selected depending 
upon whether the air pressure of the non-mounted tire 
is lower than the predetermined minimum value or not. 
5 [0086] In the tire information processing apparatus of 
this mode (34) of the invention in which the informing 
device includes the plurality of indicators, one of the in- 
dicators (first indicator) is operated differently depend- 
ing upon whether the air pressure of the mounted tire is 
abnormal or not, while another of the indicators (second 
indicator) is operated differently depending upon wheth- 
er the air pressure of the non-mounted tire is abnormal 
or not, so that the vehicle operator can know whether 
the tire indicating the air pressure abnormality is provid- 
ed by the mounted tire or the non-mounted tire. Each of 
the plurality of indicators may be adapted to be switch- 
able between first and second operational states, or 
among first, second and third operational states. Where 
the number of the indicators is N with the number of the 
operational states of each indicator being M, it is possi- 
ble to indicate (N x M) patterns of states of the air pres- 
sures of the tires in respective manners different from 
each other. For example, where the air pressure of the 
mounted tire is low, the first indicator is placed in the first 
operational state while the second indicator is placed in 
the second operational state. Where the air pressure of 
the non-mounted tire is low, the first indicator is placed 
in the second operational state while the second indica- 
tor is placed in the first operational state. Where the air 
pressures of the mounted and non-mounted tires are 
both low, the first and second indicators are both placed 
in the respective first operational states. 
[0087] The operational states of the first indicator and 
those of the second indicator do not have to be neces- 
sarily the same, but may be different. For example, 
where the first indicator is switchable between its light 
OFF state and light ON state, the second indicator may 
be switchable between its light OFF state and light flash- 
ing state. Where the first indicator is provided by a sound 
emitter (auditorily informing means), the second indica- 
tor may be provided by a light emitter (visually informing 
means). Further, one of the first and second operational 
states may be an non-activated state. In this case, the 
indicator is switched from its non-activated state to ac- 
tivated state, when the indicator has to inform the vehi- 
cle operator of a fact relating to the tire state. It is further 
noted that the number of the indicators included in the 
informing device may be three or more. 
[0088] (35) A vehicle tire information processing ap- 
paratus for processing tire information relating to a plu- 
rality of tires of a vehicle which include a mounted tire 
mounted on an axle of the vehicle and a non-mounted 
tire carried by the vehicle, the apparatus comprising: 

tire state detectors which are provided in the re- 
spective tires and each of which detects a state of 
a corresponding one of the tires; 
transmitters which are provided in the respective 
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tires and which transmit tire data sets, as the tire 
information, each containing at least one tire-state 
data element representative of the detected state 
of a corresponding one of the tires; 
a receiver which is provided in a body of the vehicle 
and which receives the tire data sets transmitted by 
the transmitters; and 

a data processor which processes the tire data sets 
received by the receiver, 

wherein the data processor includes a data- 
processing restricting portion which restricts processing 
of* one of the tire data sets that has been transmitted 
from the non-mounted tire. 

[0089] In the tire information processing apparatus of 
this mode (35) of the invention, the tire data set trans- 
mitted from the mounted tire is processed, while the tire 
data set transmitted from the non-mounted tire is not 
processed at all, or processed in a restricted or limited 
manner. That is, a limited part of the tire data set of the 
non-mounted tire may be processed, for example, for 
the purpose of utilizing the processed data element or 
elements of the non-mounted tire so as to facilitate the 
processing of the tire data set of the mounted tire. It is 
noted that the technical feature described in any one of 
the above modes (1)-(31) is applicable to the tire infor- 
mation processing apparatus of this mode (35). 
[0090] (36) A vehicle tire information obtaining appa- 
ratus for obtaining tire information relating to a plurality 
of tires of a vehicle which include a mounted tire mount- 
ed. on an axle of the vehicle and a non-mounted tire car- 
ried by the vehicle, the apparatus comprising: 

- tire state detectors which are provided in the re- 
• spective tires and each of which detects a state of 
a corresponding one of the tires; 
transmitters which are provided in the respective 
tires and which transmit tire data sets, as the tire 
information, each containing at least one quantita- 
tive data element representative of the detected 
state of a corresponding one of the tires; 
a receiver which is provided in a body of the vehicle 
and which receives the tire data sets transmitted by 
the transmitters; 

a tire information sorter which sorts the tire data sets 
received by the receiver, according to a threshold 
value, on the basis of the quantitative data element; 
and 

a threshold-value determining portion which deter- 
mines the threshold value during running of the ve- 
hicle. 

[0091] The threshold value, which is used for sorting 
the tire data sets, may be determined in a stage of pro- 
duction of the vehicle. However, it is preferable that the 
threshold value is determined during actual running of 
the vehicle. That is, the threshold value is preferably a 
value variable or modifiable depending upon an operat- 
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ing environment under which the vehicle runs, rather 
than a fixed value. The technical feature described in 
any one of the above modes (1 )-(35) is applicable to the 
tire information obtaining apparatus of this mode (36). 

5 [0092] (37) A vehicle tire information obtaining appa- 
ratus according to any one of modes (3)-(25), wherein 
the non-mounted-tire information determining portion of 
the non-mounted-tire information separator determines 
whether each of the tire data sets received by the re- 

io ceiver has been transmitted from the non-mounted tire 
or not, by taking account of an operating environment 
of each of the tires. 

[0093] (38) A vehicle tire information obtaining appa- 
ratus according to any one of modes (8)-(25) and (37), 
is further comprising: 

a running-state detector which detects a running 
state of the vehicle, 

20 wherein the running-state basis determining por- 

tion determines whether each of the tire data sets re- 
ceived by the receiver has been transmitted from the 
non-mounted tire or not, on the basis of the running state 
detected by the running-state detector, in addition to the 
25 above-described at least one tire-state data element. 
[0094] In the tire information obtaining apparatus of 
this mode (38) of the invention, the determination can 
be effected, for example, based on an assumption that 
a force acting on the mounted tire is larger than that act- 
so ing on the non-mounted tire during accelerating, decel- 
erating or turning of the vehicle. The running-state de- 
tector may be provided by, for example, a running speed 
sensor for detecting a running speed (acceleration and 
deceleration) of the vehicle, or a sensor (e.g., a yaw rate 
35 sensor, a lateral acceleration sensor, a steering angle 
sensor) for detecting a turning motion of the vehicle. 
[0095] (39) A vehicle tire information obtaining appa- 
ratus according to any one of modes (1)-(25), (37) and 
(38) 

40 wherein the receiver includes a non-mounted-tire- 

information receiving antenna which is capable of re- 
ceiving the one of the tire data sets transmitted from one 
of the transmitters provided in the non-mounted tire and 
which is not capable of receiving the one of the tire data 

45 sets transmitted from one of the transmitters provided 
in the mounted tire, so that the non-mounted-tire infor- 
mation separator separates the one of the tire data sets 
received by the non-mounted-tire- information receiving 
antenna, from the one of the tire data sets not received 

so by the non-mounted-tire-information receiving antenna. 
[0096] In the tire information obtaining apparatus of 
this mode (39) of the invention, the tire data set of the 
non-mounted tire received by the non-mounted-tire-in- 
formation receiving antenna is distinguishable from the 

55 tire data set of the mounted tire. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0097] The above and other objects, features, advan- 
tages and technical and industrial significance of the 
present invention will be better understood by reading 5 
the following detailed description of presently preferred 
embodiments of the invention, when considered in con- 
nection with the accompanying drawings, in which: 

Fig. 1 is a schematic view showing a vehicle 10 
equipped with a tire information processing appa- 
ratus which is constructed according to a first em- 
bodiment of this invention; 

Fig. 2 is a block diagram showing the tire informa- 
tion processing apparatus of Fig. 1; 15 
Fig. 3 is a view illustrating tire information in the form 
of a tire data set; 

Fig. 4 is a flow chart illustrating a tire- information 
processing routine executed according to a control 
program stored in a data storage of a receiving con- 20 
trailer which is included in the tire information 
processing apparatus of Fig. 1 ; 
Fig. 5 is a flow chart illustrating a part of the tire- 
information processing routine of Fig. 4; 
Fig. 6 is a flow chart illustrating an informing-device 25 
controlling routine executed according to a control 
program stored in the above-described data stor- 
age of the receiving controller; 
Fig. 7 is a graph indicating changes of temperatures 
of a mounted tire and a non-mounted tire; 30 
Fig. 8 is a block diagram showing a tire information 
processing apparatus which is constructed accord- 
ing to a second embodiment of the invention; 
Fig. 9 is a graph indicating vibrations of a mounted 
tire and a non-mounted tire; 35 
Fig. 10 is a flow chart illustrating a part of a tire- 
information processing routine executed according 
to a control program stored in the tire information 
processing apparatus of Fig. 8; 

Fig. 1 1 is a graph indicating changes of an ambient *o 
temperature and temperatures of tires during run- 
ning of the vehicle; 

Fig. 12 is a graph indicating changes of tempera- 
tures of tires of a vehicle equipped with a tire infor- 
mation processing apparatus which is constructed 45 
according to a third embodiment of the invention; 
Fig. 13 is a flow chart illustrating a part of a tire- 
information processing routine executed according 
to a control program stored in the tire information 
processing apparatus of the third embodiment of so 
the invention; 

Fig. 14 is a graph indicating changes of air pres- 
sures of tires of a vehicle equipped with a tire infor- 
mation processing apparatus which is constructed 
according to a fourth embodiment of the invention; 55 
Fig. 15 is a flow chart illustrating a part of a tire- 
information processing routine executed according 
to a control program stored in the tire information 



processing apparatus of the fourth embodiment of 
the invention; 

Fig. 16 is a flow chart illustrating a part of a tire- 
information processing routine executed according 
to a control program stored in a tire information 
processing apparatus constructed according to a 
fifth embodiment of the invention; 
Fig. 17 is a view illustrating a tire replacement ef- 
fected in a vehicle equipped with the tire information 
processing apparatus of the fifth embodiment of the 
invention; 

Fig. 18 is a flow chart illustrating a part of a tire- 
information processing routine executed according 
to a control program stored in a tire information 
processing apparatus constructed according to a 
sixth embodiment of the invention; 
Fig. 1 9 is a graph indicating activation of an inform- 
ing device controlled by the tire information 
processing apparatus of the sixth embodiment of 
the invention; 

Fig. 20 is a flow chart illustrating an informing-de- 
vice controlling routine executed according to a 
control program stored in a tire information process- 
ing apparatus constructed according to a seventh 
embodiment of the invention; 
Figs. 21A-21C are views illustrating an informing 
device included in a tire information processing ap- 
paratus constructed according to an eighth embod- 
iment of the invention; 

Figs. 22A and 22B are views illustrating an inform- 
ing device included in a tire information processing 
apparatus constructed according to a ninth embod- 
iment of the invention; 

Figs. 23A and 23B are views illustrating an inform- 
ing device included in a tire information processing 
apparatus constructed according to a tenth embod- 
iment of the invention; 

Figs. 24A-24D are views illustrating an informing 
device included in a tire information processing ap- 
paratus constructed according to an eleventh em- 
bodiment of the invention; 

Figs. 25A and 25B are graphs indicating a relation- 
ship between a tire temperature and a running dis- 
tance of a vehicle equipped with a tire information 
processing apparatus which is constructed accord- 
ing to a twelfth embodiment of this invention; 
Fig. 26 is a flow chart illustrating a threshold-value 
determining routine according to a control program 
stored in a tire information processing apparatus of 
the twelfth embodiment of the invention; 
Fig. 27 is a view an arrangement in which a spare 
tire is carried by a vehicle equipped with a tire infor- 
mation processing apparatus constructed accord- 
ing to a thirteenth embodiment of this invention; 
Fig. 28 is a view an arrangement in which a spare 
tire is carried by another vehicle equipped with the 
tire information processing apparatus of the thir- " 
teenth embodiment of the invention; 



16 



BNSDOCID: <F.P 



1TOR44fiA? I > 



31 



EP 1 338 446 A2 



32 



Fig. 29 is a view an arrangement in which a spare 
tire is carried by still another vehicle equipped with 
the tire information processing apparatus of the thir- 
teenth embodiment of the invention; 
Fig. 30 is a flow chart illustrating a tire-state infor- 5 
mation obtaining apparatus routine according to a 
control program stored in the tire information 
processing apparatus of the thirteenth embodiment 
of the invention; and 

Fig. 31 is a modified arrangement of a receiver in 10 
which two receiving antennas are provided. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

15 

[0098] Referring to first to Figs. 1 and 2, there is 
shown a tire information processing apparatus which is 
constructed according to a first embodiment of this in- 
vention and which includes a tire-state-related informa- 
tion obtaining apparatus in the form of a tire-air-pressure 20 
data obtaining apparatus. As shown in Fig. 1 , four reg- 
ular tires 10 are mounted as mounted tires on axles of 
a vehicle which is provided with the tire information 
processing apparatus, such that the four regular tires 
serve as front right and left wheels FR, FL and rear right 25 
and left wheels RR, RL. A spare tire 12 is stored as a 
non-mounted tire in a luggage space located in a rear 
portion of a body 22 of the vehicle. Each of the tires 10, 
12 may be referred also to as "tired wheel", since each 
of tires 10, 12 is mounted on a wheel. 30 
[0099] As shown in Fig. 2, each of the tires 10, 12 is 
provided with a local unit 20, while the vehicle body 22 
is provided with a central unit 24. The local unit 20 in- 
cludes: an air pressure sensor 30 for detecting an air 
pressure of a corresponding one of the tires 10, 12; a 35 
temperature sensor 32 for detecting a temperature of 
the corresponding tire; a transmitting antenna 34 for 
transmitting tire information in the form of a tire data set 
which includes an air pressure data and a temperature 
data representing the detected air pressure and temper- 40 
ature of the corresponding tire, respectively; and a tire 
information generator 36 for generating the tire data set. 
The tire information generator 36 includes a CPU, a 
ROM, a RAM and input and output portions. To the input 
and output portions, there are connected the air pres- 45 
sure sensor 30, the temperature sensor 32 and the 
transmitting antenna 34. In the present embodiment, the 
air pressure sensor 30 is fixed to a portion of the wheel 
which portion faces an inlet valve of the tire. 
[01 00] As shown in Fig. 3, the tire data set 50 includes so 
a header data in the form of a synchronization data 52, 
an identification data 54, an air pressure data 56, a tem- 
perature data 58 and a check sum data 60. The syn- 
chronization data 52 is provided for synchronization of 
a transmitter with a receiver. The identification data 54 55 
is provided to identify each of the tires 1 0, 1 2 from which 
the tire data set 50 is transmitted. That is, the identifica- 
tion data 54 serves to confirm that the tire identified by 



the same data 54 is one of the tires of the vehicle in 
question rather than of the other vehicle. Further, the 
identification data 54 serves to determine whether the 
tire data set 50 including the same data 54 has been 
transmitted from the spare tire 12 or not, namely, deter- 
mine whether the tire identified by the same data 54 is 
the spare tire 1 2 or not. The check sum data 60 is pro- 
vided for effecting a parity check or for otherwise check- 
ing an actual total volume of the tire data set 50 trans- 
mitted from the transmitter. The tire data set 50 may in- 
clude, in addition to the above-described data elements 
52, 54, 56, 60, a data element representative of a state 
of the local unit 20 such as a residual amount of electric 
energy left in a battery used in the transmitter. Of these 
data elements constituting the tire data set 50, the air 
pressure data 56 and the temperature data 58 corre- 
spond to tire-state data elements. In the local unit 20, 
the air pressure and the temperature of the tire are de- 
tected by the air-pressure sensor 30 and the tempera- 
ture sensor 32, respectively, so that the tire information 
generator 36 generates the tire data set 50 on the basis 
of the detected air pressure and temperature. The gen- 
erated tire data set 50 is transmitted from the transmit- 
ting antenna 34. In the present embodiment, the trans- 
mitting antenna 34 and the tire information generator 36 
constitute a major portion of a transmitter 38. 
[01 01] The central unit 24 includes: a receiving anten- 
na 70 for receiving the tire data set transmitted from the 
local unit 20; a warning device 72 as an informing de- 
vice; and a receiving controller 74 which is principally 
constituted by a computer. To input and output portions 
of the receiving controller 74, there are connected the 
receiving antenna 70, an ignition switch 76 and the 
warning device 72. The receiving controller 74 serves 
to process the received tire data set, for determining 
whether the received tire data set has been transmitted 
from the spare tire 1 2 or not, and for determining wheth- 
er the tire state is abnormal or not. The warning device 
72 is activated in the event of an abnormality of the tire 
state. In the present embodiment, the local units 20 pro- 
vided in the respective tires transmit the respective tire 
data sets at respective time intervals different from each 
other, so that two or more tire data sets are not likely to 
be concurrently received by the receiving antenna 70. 
Although there is a possibility of the concurrent recep- 
tion of two or more tire data sets, such a concurrent re- 
ception is not occurred successively. 
[0102] The receiving controller 74 includes a first data 
storage 77A, a second data storage 77B and a third data 
storage 77C. The first data storage 77A stores various 
control programs such as programs for executing a tire- 
information processing routine and an informing-device 
controlling routine which are illustrated by the respective 
flow charts of Fig. 4 and Fig. 6. The second data storage 
77B, which consists of a nonvolatile storage, stores the 
identification data of the spare tire 12. The third data 
storage 77C stores the identification data of the tire 
whose state is determined to be abnormal. In the 
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present embodiment, the receiving antenna 70 and the 
receiving controller 74 constitute a major portion of a 
receiver 78 as the receiving device. It is also possible to 
consider that the major portion of the receiver 78 is con- 
stituted by the receiving antenna 70 and a portion of the 
receiving controller 74 which is assigned to process the 
data sets received by the receiving antenna 70. 
[01 03] To the receiving controller 74, there is connect- 
ed a vehicle controller 80, so that the air pressure data 
and other data elements are supplied from the receiving 
controller 74 to the vehicle controller 80. The vehicle 
controller 80 is principally constituted by a computer in- 
cluding a CPU, a ROM, a RAM and input and output 
portions, and controls an actuator 82 for controlling a 
running state of the vehicle. To the vehicle controller 80 
there are connected a vehicle state detector 83. 
[01 04] In the central unit 24, after the tire data set has 
been received by the receiving antenna 70, each data 
element of the tire data set is processed by the receiving 
controller 74. The warning device 72 is activated as 
needed, for example, when the tire state is determined 
to be abnormal. In the present embodiment, the warning 
device 72 includes a sound emitter capable of emitting 
a warning buzzer, chime or other sound so that the ve- 
hicle operator is auditorily informed of the abnormality 
of the tire state. However, the warning device 72 may 
include, in place of or in addition to the sound emitter, a 
display device capable of displaying a warning message 
so that the vehicle operator is visually informed of the 
abnormality. It is noted that the warning device 72 may 
be adapted to inform the vehicle operator of a normality 
of the tire state when the tire state is normal, or may be 
adapted to inform the operator of the specific state of 
the tire such as current values of the air pressure and 
temperature. 

[0105] The warning device 72 is activated when the 
tire state is determined to be abnormal, namely, when 
the air pressure data 56 included in the tire data set 50 
transmitted from each of the tires 10, 12 represents an 
air pressure smaller than a predetermined minimum val- 
ue, and also when the temperature data 58 included in 
the tire data set 50 transmitted from each tire represents 
a temperature larger than a predetermined maximum 
value. However, if the air pressure 56 or temperature 
data 58 in question is included in the tire data set 50 
which is determined to have been transmitted from the 
spare tire 12, the warning device 72 is not activated. This 
is because it is considered that an abnormality of the 
spare tire 12 is not required to be immediately informed 
to the vehicle operator. 

[0106] In the receiver 78, it is determined whether the 
received tire data set 50 is a tire data set transmitted 
from the spare tire 1 2 or not, on the basis of the tire data 
set 50. As shown in Fig. 7, during running of the vehicle 
after the ignition switch 76 has been turned on, the tem- 
perature of each mounted tire 10 is increased at a rela- 
tively high rate, for example, due to an elastic deforma- 
tion of the tire occurred in a repeated manner and also 



a friction acting between the tire and a road surface. 
However, the temperature of the mounted tire 10 is not 
increased to an unlimited extent, but is eventually held 
in constant after having being increased to a certain lev- 
5 el. On the other hand, the temperature of the spare tire 
1 2 is changed with change of a temperature in the lug- 
gage space in which the spare tire 12 is stored, but is 
changed at a relatively low rate. Further, since the tem- 
perature in the luggage space is not necessarily in- 
fo creased but can be reduced, the temperature of the 
spare tire 12 can be reduced when the temperature in 
the luggage space is reduced. Like the temperature of 
the mounted tire 10, the temperature of the spare tire 
1 2 is eventually held in a certain level. The certain level 
is of the temperature of the spare tire 12 is not as high as 
that of the temperature of the mounted tire 10. In the 
present embodiment, it is determined whether the tire 
data set 50 is a tire data set transmitted from the spare 
tire 12 or not, on the basis of change of the temperature 
of the tire before a point of time at which the tire tem- 
perature has been changed or increased to the certain 
constant level. 

[0107] The tire-information processing routine illus- 
trated by the flow chart of Fig. 4 is executed at a prede- 
termined time interval. The time interval may be 
changed depending upon-whetherthe ignition switch 76 
is held in its ON state or OFF state. This routine is initi- 
ated with step S1 for determining whether the ignition 
switch 76 is held in its ON state or OFF state. In the 
present embodiment, the communication between the 
local unit 20 and the central unit 24 is maintained during 
the OFF state of the ignition switch 76 as well as during 
the ON state of the ignition switch 76, so that the tire 
date sets 50 are transmitted from the respective trans- 
mitting antennas 34 not only during the ON state but also 
during the OFF state of the ignition switch 76. However, 
the warning device 72 is not activated during the OFF 
state ,of the ignition switch 76 even if there is detected 
an abnormality of the tire state. 

[0108] During the OFF state of the ignition switch 76, 
step S1 is followed by step S2 for converting the tire data 
set received by the receiver 78, into a form that can be 
processed by the computer of the receiving controller 
74. In the subsequent steps S3 and S4, it is determined 
whether the tire state is normal or abnormal. In the 
present embodiment, the tire state is determined to be 
abnormal when at least one of the air pressure and the 
temperature of the tire indicates an abnormal value. 
That is, the determination is effected by seeing if the de- 
tected air pressure is lower that the predetermined min- 
imum value Ps and seeing if the detected temperature 
is higher than the predetermined maximum value Ts. If 
the air pressure is not lowerthan the predetermined min- 
imum value Ps and if the temperature is not higher than 
the predetermined maximum value Ts, the tire state is 
determined to be normal, so that a warning flag is reset 
to OFF in step S5. Steps S6 and S7 are implemented 
to reset a spare-tire successfully identified flag and a 
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spare-tire unidentifiable flag (which are used during the 
ON state of the ignition switch 76) to OFF. On the other 
hand, if the air pressure is lower than the predetermined 
minimum value Ps or if the temperature is higher than 
the predetermined maximum value Ts, the tire state is 5 
determined to abnormal. When the tire state is thus de- 
termined to be abnormal, step S8 is implemented 
whereby the identification data 54 included in the tire 
data set in question is stored in the third data storage 
77C, and step S9 is then implemented whereby the 10 
warning flag is set to ON. Steps S1-S9 are repeatedly 
implemented while the ignition switch 76 is in its OFF 
state. 

[0109] During the ON state of the ignition switch 76, 
step S1 0 is implemented to convert the tire data set re- is 
ceived by the receiver 78, into the form that can be proc- 
essed by the computer of the receiving controller 74. 
Step S10 is followed by step S11 to determine whether 
the spare-tire successfully identified flag is in its ON 
state or not. When the step S11 is implemented for the 20 
first time after the ignition switch 76 has been switched 
from its OFF state to its ON state, a negative decision 
(NO) is obtained in step S11 since the spare-tire suc- 
cessfully identified flag is in its OFF state. The negative 
decision in step S11 is followed by step S12 to identify 25 
the spare tire, as described below in details. In the sub- 
sequent step S13, it is determined whether the spare- 
tire unidentifiable flag is in its ON state. In step S12, the 
identification data 54 of the spare tire 12 (i.e., the iden- 
tification data 54 included in the tire data set 50 trans- 30 
mitted from the transmitter 38 of the spare tire 12) is 
stored in the second data storage 77B, so that the tire 
date set transmitted from the spare tire 12 is made dis- 
tinguishable from the tire data sets transmitted from the 
mounted tires 1 0. Thus, a negative decision is obtained 35 
in step S13, and step S14 is then implemented. 
[0110] In step S14, it is determined whether the warn- 
ing flag is in its ON state or not. A negative decision in 
step 1 4 is followed by steps 1 5, S 1 6 to determine wheth- 
er the tire state is norma! or abnormal. If the tire state is 40 
abnormal, step S17 is implemented to check whether 
the identification date 54 included in the tire data set in 
question coincides with the identification data 54 of the 
spare tire 12 (which has been stored in the second data 
storage 77B). If an affirmative decision (YES) is ob- *s 
tained in stepS17, namely, if the tire data set in question 
is determined to have been transmitted from the spare 
tire 1 2, the warning flag is not set to ON. However, if the 
identification data 54 included in the tire data set in ques- 
tion does not coincide with the identification data 54 of so 
the spare tire 12, step S18 is implemented to set the 
warning flag to ON. 

[0111] If the warning flag is in its ON state upon im- 
plementation of step S14, an affirmative decision is ob- 
tained in step S14, whereby step S19 is implemented to 55 
check whether the identification date 54 included in the 
tire data set in question coincides with the identification 
data 54 of the spare tire 12. If an affirmative decision is 
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obtained in step S19, step S20 is implemented to reset 
the warning flag to OFF. The affirmative decision in step 
S19 means that the warning flag has been set to ON, 
based on the tire data set 50 transmitted from the spare 
tire 12 rather than the tire data set 50 transmitted from 
one of the mounted tires 10. 

[0112] If the spare-tire unidentifiable flag is set to ON 
in step S12, namely, if the identification data 54 of the 
spare tire 12 is not yet obtained as a result of failure to 
separate the tire data set of the spare tire 12 from the 
tire data sets of the mounted tires 1 0, an affirmative de- 
cision is obtained in step S13. In this case, the control 
flows goes to step S21 in which it is determined whether 
the warning flag is in its ON state or not. A negative de- 
cision in step S21 is followed by steps S22, S23 to de- 
termine whether the tire state is normal or abnormal. If 
the tire state is determined to be abnormal, step S24 is 
implemented to set the warning flag to ON, and step S25 
is then implemented so that the identification data 54 
included in the tire data set in question is stored in the 
third data storage 77C. 

[0113] Step S12 is implemented by executing a 
spare-tire identifying routine illustrated by the flow chart 
of Fig. 5. This routine is initiated with step S51 to deter- 
mine whether a spare-tire identification enabling condi- 
tion is satisfied or not. In the present embodiment in 
which the spare tire 12 is identified based on change of 
the tire temperature, the spare-tire identification ena- 
bling condition is determined to be satisfied when the 
vehicle is in such a running state that makes it possible 
to identify the spare tire 1 2 on the basis of change of the 
tire temperature. For example, the spare-tire identifica- ' 
tion enabling condition may include a running-time-re- 
lated requirement that a length of time having elapsed 
after initiation of running of the vehicle be not smaller 
than a first predetermined value and be not larger than 
a second predetermined value. When the identification 
enabling condition is satisfied, step S52 is implemented 
to determine whether at least a predetermined number 
CsO of tire data sets 50 have been received or not. The 
predetermined number CsO may be of a number of tires 
each of which the tire data set 50 is transmitted. In the 
present embodiment, since the vehicle has four mount- 
ed tires 10 and one spare tire 12, the predetermined 
number CsO is five. Therefore, if at least five tire data 
sets 50 have been received, step S53 is implemented 
to check the tire temperature represented by the tem- 
perature data 58 of each of the tire data sets 50. That 
is, in step S53, it is determined whether an actual 
amount ATh of change of the tire temperature within a- 
predetermined length of time is larger than a predeter- 
mined amount ATs. As is apparent from Fig. 7, if the ac- 
tual amount ATh is not larger than the predetermined 
threshold amount ATs, it is possible to determine that 
the tire data set 50 in question is a tire data set 50 trans- 
mitted from the spare tire 12. 

[01 1 4] If the actual amount ATh is not smaller than the 
predetermined threshold amount ATs, step S54 is im- 
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plemented to provisionally determine that the tire data 
set 50 in question is a tire data set 50 transmitted from 
the spare tire 12. Step S55 is implemented to check a 
number of the tire data sets 50 each of which has be 
provisionally determined to have been transmitted from 
the spare tire 12. That is, in step S55, it is determined 
whetherthe number of the thus provisionally determined 
data sets 50 is larger than a predetermined number Cs1 
(that is one in the present embodiment in which the 
number of the spare tire 12 is one). If an affirmative de- 
cision is obtained in step S55, it is considered that the 
provisional determination was incorrect. This is because 
the number of the provisionally determined data sets 50 
can not be larger than the predetermined number Cs1 
(the number of the spare tire 12) if the provisional de- 
termination had been correct. It is noted that the prede- 
termined numbers CsO, Cs1 may be changed by the ve- 
hicle operator, as needed, for example, when two or 
more spare tires 12 are carried by the vehicle. On the 
other hand, if a negative decision is obtained in step 
S55, it is considered that the provisional determination 
was correct. Where the number of the provisionally de- 
termined data set or sets 50 is equal to the predeter- 
mined number Cs1 , it is possible to definitely determine 
that the provisionally determined data set 50 is a tire 
data set 50 originated from the spare tire 12. Where the 
number of the provisionally determined data set 50 is 
smaller than the predetermined number Cs1 , it is pos- 
sible to consider that one of the mounted tires 10 re- 
placed by the spare tire 12 is not carried by the vehicle 
afterthe replacement. The negative decision in step S55 
is followed by step S56 in which the spare-tire success- 
fully identified flag is set to ON while the spare-tire uni- 
dentifiable flag is reset to OFF. In the subsequent step 
S57, the identification data 54 included in the tire data 
set 50 transmitted from the spare tire 1 2 is stored in the 
second data storage 77B. Step S58 is then implemented 
to rest a trial-number counter (which is described below) 
to "zero". The implementations of steps S56 and S57 
may be referred to as a definite determination proce- 
dure. 

[0115] The above-described identification enabling 
condition and the threshold amount ATs of change of the 
tire temperature may be experimentally, theoretically or 
otherwise obtained. For example, an experiment con- 
ducted by the present inventors revealed that the above- 
described predetermined first and second values of the 
identification enabling condition may be 1 0 minutes and 
30 minutes, respectively, and that the threshold amount 
ATs may be 3 °C where an ambient temperature is 1 1 °C. 
That is, according to the experiment, while the running- 
time-related requirement is being satisfied, it is possible 
to determine that the tire whose temperature change 
amount is not smaller than 3 °C within 1 0 minutes is the 
mounted tire, and that the tire whose temperature 
change amount is smaller than 3 °C within 10 minutes 
is the non-mounted tire. In this instance, the threshold 
amount ATs may be 5 °C in place of 3 °C. The identifi- 



cation enabling condition and the threshold amount ATs 
may be determined during an actual running of the ve- 
hicle, as described below, namely, when a running state 
of the vehicle satisfies a predetermined condition, for 

5 example, when a running speed (detected by a running 
speed sensor provided in the vehicle) is not smaller than 
a predetermined value. There would be required further 
experiments and studies in connection with the identifi- 
cation enabling condition and the threshold amount ATs. 

10 [0116] The above-described provisional determina- 
tion can not be done, if the spare-tire identification en- 
abling condition is not satisfied in the determination of 
step S51 , or if the number of the tire data sets 50 re- 
ceived by the receiver 78 is smaller than the predeter- 

15 mined number CsO in the determination of step S52, or 
if the change amount ATh of the tire temperature repre- 
sented by the temperature data 58 is larger than the 
threshold amount ATs in all the tire data sets 50 received 
by the receiver 78. These cases could happen, for ex- 

20 ample, where the spare tire 12 can not be identified al- 
though the spare tire 12 is actually carried by the vehicle, 
or where the spare tire 12 is not actually carried by the 
vehicle. In the present embodiment, steps S51, S52, 
S53 are repeatedly implemented a predetermined 

25 number NO of times, where the control flows can not go 
to step S54, namely, where the provisional determina- 
tion can not be effected. During the repeated implemen- 
tation of steps S51 , S52, S53, there is a case where the 
identification enabling condition becomes satisfied in 

30 the current cycle of implementation afterthe dissatisfac- 
tion in the last cycle of implementation. Further, although 
the central unit 20 might sometimes fails to receive the 
information from the local unit 24 (due to, for example, 
a noise or a change in the positional relationship be- 

35 tween the units 20, 24), the central unit 20 could even- 
tually receives the information from the local unit 24 after 
the repeated implementations of the steps. The count 
of the trial-number counter is incremented by "one" in 
step S59, and it is then determined whether the count 

40 of the trial-number counter becomes equal to or larger 
than the predetermined number NO in step S60. If the 
count of the trial-number counter is still smaller than the 
predetermined number NO, the control flow returns to 
step S51. While the spare tire 12 can not be identified 

45 as described above, steps S51 , S52, S53, (S54, S55,) 
S59, S60 are repeatedly implemented. When the count 
of the trial-number counter becomes equal to the pre- 
determined number, the spare-tire unidentifiable flag is 
placed in its ON state in step S61 , and then the count 

50 of the trial-number counted is reset to "zero" in step S62. 
[0117] The ON state of the spare-tire unidentifiable 
flag means that the spare tire 12 was not identified in 
the current implementation of step S1 2. Thus, an affirm- 
ative decision is obtained in step S1 3, whereby the con- 

55 trol flow goes to step S21 and steps following step S21 . 
As described above, where the warning flag is in its ON 
state, the warning device 72 is activated without check- 
ing if the warning flag has been set to ON based on the 
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tire data set 50 transmitted from one of the mounted tires 
10 rather than the tire data set 50 transmitted from the 
spare tire 1 2. Where the warning flag is in its OFF state, 
if an affirmative decision is obtained in step S22 or S23, 
the warning flag is set to ON irrespective of whether the 
tire suffering from the abnormal state is one of the 
mounted tires 10 or non-mounted tire 12. 
[0118] During implementation of step S12 a plurality 
of times, the spare tire 12 becomes identifiable in some 
case while the spare tire 12 remains unidentifiable in 
other case. Where the spare tire 12 becomes identifia- 
ble, step S56 is implemented to reset the spare-tire un- 
identifiable flag to OFF and set the spare-tire success- 
fully identified flag to ON, whereby a negative decision 
is obtained in step S13 so that step S14 and the follow- 
ing steps are implemented. Where the warning flag is in 
its ON state, it is determined in step S14 whether the 
warning flag has been set to ON based on the tire data 
set 50 of the spare tire 12 or not. If an affirmative deci- 
sion is obtained in step S19, step S20 is implemented 
to reset the warning flag to OFF. There is a case where 
the warning flag is set to ON during the OFF state of the 
ignition switch 76. There is also a case where the warn- 
ing flag is set to ON during implementations of step S21 
and the following steps. Further, after the spare tire 12 
has been identified, each time an abnormality of the tire 
state is detected, it is determined whether the tire data 
set 50 in question is originated from the spare tire 12 or 
not. If the tire data set 50 in question is originated from 
the spare tire 12, namely, if the abnormality relates to 
the spare tire 1 2 rather than to the mounted tires 10, the 
warning device 72 is not activated. 
[0119] The warning device 72 is controlled by execut- 
ing the infomning-device controlling routine illustrated by 
the flow chart of Fig. 6. This routine is initiated with step 
S91 to determine whether the ignition switch 76 is in its 
ON state. If an affirmative decision is obtained in step 
S91 , step S92 is implemented to determine whether the 
warning flag is in its ON state. If an affirmative decision 
is obtained also in step S92, step S93 is implemented 
to activate the warning device 72 as the informing de- 
vice. However, if a negative decision is obtained in at 
least one of steps S91 , S92, the control flows goes to 
step S94 in which the warning device 72 is not activated. 
In this instance, if the warning device 72 is being acti- 
vated, the activation of the warning device 72 is stopped 
in step S94. It is noted that the warning device 72 is not 
activated, even if the warning flag is set to ON, as long 
as the ignition switch 76 is held OFF. 
[0120] In the present embodiment, even if the tire 
state represented by the tire-state data elements includ- 
ed in the tire data set 50 is determined to be abnormal, 
the warning device 72 is not activated as long as the tire 
data set 50 in question is a data set transmitted from the 
spare tire 12. This arrangement is effective to prevent 
an unnecessary activation of the warning device 72, 
thereby leading to an improvement in an operational en- 
vironment in the vehicle. Further, since the spare tire 1 2 



is identified on the basis of change of the tire tempera- 
ture, it is possible to identify the spare tire 12 in a rela- 
tively early stage after switching of the ignition switch 76 
from its OFF state to its ON state. This arrangement pro- 

5 vides a technical advantage in a case where the warning 
flag is set in ON due to a low air pressure of the spare 
tire 12 while the ignition switch 76 is in its OFF state. In 
this case, the warning device 72 is activated upon 
switching of the ignition switch 76 from its OFF state to 

10 its ON state. However, the activation of the warning de- 
vice 72 is immediately stopped, owing to the identifica- 
tion of the spare tire 12 in the early stage, thereby mak- 
ing it possible to reduce a length of time of such an ac- 
tivation of the warning device 72 due to the low air pres- 

1* sure of the spare tire 12. The activation of the warning 
device 72 within the reduced length of time serves as 
an indication that the air pressure of the spare tire 12 is 
low. 

[0121] Further, in the present embodiment, it is provi- 
so sionally determined whether each of the tire data sets 
50 received by the receiver 78 has been transmitted 
from the spare tire 12 or not, and then it is definitely de- 
termined that the provisionally determination is correct 
if the number of the tire data set or sets 50 provisionally 
2s determined to have been transmitted from the spare tire 
12 is not larger than the predetermined number Cs1 (i. 
e., the number of the spare tire 12). Owing to this ar- 
rangement, the spare tire 12 is accurately identified. 
[0122] In the present embodiment, a non-mounted- 
so tire information separator is constituted by portions of 
the receiving controller 74 which are assigned to store 
and execute the spare-tire identifying routine program 
(i.e., step S1 2 of the tire-information processing routine 
illustrated by the flow chart of Fig. 4) illustrated by the 
35 flow chart of Fig. 5. The non-mounted-tire information 
separator serves also as a non-mounted-tire informa- 
tion determining portion, a tire-state-basis determining 
portion, a data processor, a mounted-tire-state-data 
processor, a tire-temperature-change-basis determin- 
40 ing portion and a non-mounted-tire identification data 
obtaining portion. Further, an air-pressure abnormality 
determining portion is constituted by portions of the re- 
ceiving controller 74 which are assigned to store and 
implement steps S3, S15, S22 of the tire-information 
45 processing routine program illustrated by the flow chart 
of Fig. 4. Further, an informing device is constituted by 
the warning device 72 and portions of the receiving con- 
troller 74 which are assigned to store and execute an 
informing-device controlling routine program illustrated 
^0 by the flow chart of Fig. 6. 

[01 23] In the present embodiment, it is possible to un- 
derstand that the ON state of the spare-tire successfully 
identified flag corresponds to the state in which one of 
the tire data sets 50 can be determined to have been 
55 transmitted from the spare tire 12 as the non-mounted 
tire, and that the ON state of the spare-tire unidentifiable 
flag corresponds to the state in which none of the tire 
data sets 50 can be determined to have been transmit- 
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ted from the spare tire 12 as the non-mounted tire. In 
this understanding, the spare-tire identification enabling 
condition can be considered to correspond to "a prede- 
termined condition" (which is described in the mode (13) 
in the above "SUMMARY OF THE INVENTION"). Fur- 
ther, it is also possible to understand that the OFF state 
of the spare-tire successfully identified flag corresponds 
to the state in which none of the tire data sets 50 can be 
determined to have been transmitted from the spare tire 
12. In this understanding, it is possible to consider that 
the above-described "predetermined condition" is satis- 
fied when the ignition switch 76 is placed in its ON state. 
With the spare-tire successfully identified flag being in 
its ON state, steps S14-S20 are implemented. With the 
spare-tire unidentifiable flag being in its ON state, name- 
ly, with the spare-tire successfully identified flag being 
its OFF state, steps S21-S25 are implemented. In the 
latter case, the warning flag is set to ON if the air pres- 
sure of the tire is low (irrespective of whether the tire in 
question is one of the mounted tires 1 0 or the spare tire 
12), whereby the informing device 72 is activated. That 
is, in the latter case where the spare-tire successfully 
identified flag is not in its ON state, the tire date set of 
each mounted tire 10 and that of the spare tire 12 are 
equally handled or processed. 

[0124] In the present embodiment, the spare-tire un- 
identifiable flag is set to ON if the provisional determi- 
nation can not be made even after steps S51 , S52, S53 
have been repeatedly implemented the predetermined 
number NO of times. In this arrangement, two different 
flags may be provided in addition to or in place of the 
spare-tire unidentifiable flag, such that one of the two 
flag is set to ON where the provisional determination can 
not be made due to dissatisfaction with the spare-tire 
identification enabling condition, and such that the other 
flag is set to ON where the provisional determination can 
not be made due to a negative decision in step S52 or 
an affirmative decision in step S53. Further, the arrange- 
ment may be modified such that the control flow may go 
directly to step S61 from step S51 when it is determined 
in step S51 that the spare-tire identification enabling 
condition is not satisfied, whereby the spare-tire uniden- 
tifiable flag is immediately set to ON without repeating 
the implementation of step S51 . The identification ena- 
bling condition may include a running-time-related re- 
quirement that a running time be not smaller than a pre- 
determined value while a stopping time be not larger 
than a predetermined value, or alternatively, may in- 
clude a running-distance-related requirementthat a run- 
ning distance be not smaller than a predetermined val- 
ue. The running time may be, for example, a length of 
time for which the vehicle runs at a speed not smaller 
than a predetermined value. 

[0125] In the present embodiment, the spare tire 12 
is identified based on change of the temperature repre- 
sented by the temperature data 58. However, the iden- 
tification of the spare tire 12 does not have to be made 
necessarily based on the temperature change, but may 



be otherwise made. Namely, the manner for the deter- 
mination in step S53 may be modified as needed. For 
example, the spare tire 12 may be identified based on 
the temperature after the temperature has been stabi- 

5 lized (e.g., after at least one hour has passed since in- 
itiation of the vehicle running). The spare tire 12 is dis- 
tinguishable from the mounted tires 10 since the tem- 
perature of the spare tire 12 tends to be lower than that 
of each mounted tire 10 also in the temperature stabi- 

10 lized stage. For the distinction of the spare tire 1 2 from 
the mounted tires 1 0, the temperatures of the respective 
tires may be checked individually from each other by 
comparing each of the temperatures with a predeter- 
mined reference value, or alternatively, the tempera- 

15 tures of the respective tires may be compared with each 
other. In the latter case, it is possible to determine that 
the spare tire is one of the tires which has the lowest 
temperature or which exhibits the smallest change in the 
temperature. 

20 [0126] Further, the spare tire 12 can be identified also 
on the basis of the identification data 54. For example, 
the identification data 54 of the spare tire 12 may be 
stored into the data storage when the spare tire 12 is 
loaded onto the vehicle. In this instance, the identifica- 
tion data 54 may be stored into the data storage in such 
a manner that correlates the identification data with the 
spare tire 12. Still further, the spare tire 12 can be iden- 
tified also on the basis of the air pressure itself. For ex- 
ample, where the air pressures of all the tires 10, 12 of 
30 the vehicle are held within a normal range, it is possible 
to determine that the spare tire 1 2 corresponds to the 
tire having the lowest air pressure among all the tires 
10, 12. The air pressure of each mounted tire 10, which 
is subjected to a weight of the vehicle and whose tem- 
35 perature is increased during running of the vehicle, 
tends to be higher than that of the spare tire 1 2. More- 
over, the spare tire 12 can be identified also on the basis 
of change of the air pressure. In contrast with the air 
pressure of the spare tire 12 which is not substantially 
40 changed, the air pressure of each mounted tire 10 is 
changed in response to change of the temperature and 
also change of amount of force acting on the tire, so that 
the air pressure of each mounted tire 10 is changed by 
a relatively large amount and with a relatively high fre- 
45 quency. In view of this, where there is a tire exhibiting 
an air pressure change whose absolute value is not 
smaller than a predetermined value, or whose frequen- 
cy is not smaller than a predetermined value (namely, 
the air pressure change whose value is larger than the 
so predetermined value takes places at least a predeter- 
mined number of times within a predetermined length of 
time), it is possible to determine that the tire in question 
is one of the mounted tires 10. 

[0127] Referring next to Fig. 8, there will be described 
55 a tire information processing apparatus which is con- 
structed according to a second embodiment of the in- 
vention, and in which the above-described local unit 20 
and central unit 24 are respectively replaced with a local 
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unit 1 00 and a central unit 1 1 0. In the local unit 1 00 which 
is provided in each of the tires 10, 12, an applied-force 
sensor 1 02, a vibration sensor 1 04 and a shape sensor 
106, as well as the air-pressure sensor 30 and the tem- 
perature sensor 32, are connected to the input portion 5 
of the tire information generator 36. In the central unit 
110, an ambient temperature sensor 112, a running 
speed sensor 1 14 and a reset switch (initializing switch) 
1.16, as well as the ignition switch 76, are connected to 
the input portion of the receiving controller 74. With the 10 
provisions of the applied-force sensor 1 02, the vibration 
sensor 104 and the shape sensor 106 in the local unit 
100, the tire data set 50 can be adapted to include, in 
addition to the air pressure data 56 and the temperature 
data 58, a data representative of a force applied to the *5 
tire in a transversal, longitudinal or vertical direction of 
the vehicle, a data representative of vibration of the tire, 
and a data representative of a shape of the tire. It is not- 
ed that the local unit 100 does not have to include nec- 
essarily all of the applied-force sensor 102, vibration 20 
sensor 104 and shape sensor 1 06 but may include at 
least one of these sensors 1 02, 1 04, 1 06, so that the tire 
data set 50 include at least one of the above-described 
data representative of the applied force, data represent- 
ative of the vibration and data representative of the tire 25 
shape. 

[01 28] The applied-force sensor 1 02 serves to detect 
a force applied to the tire in the transversal direction, a 
force applied to the tire in the longitudinal direction and/ 
or a force applied to the tire in the vertical direction, and 30 
may include a strain gage which can be fixed to the 
wheel or the axle. For example, each of the mounted 
tires 10 receives a force acting thereon in the vertical 
direction while the spare tire 12 does not substantially 
receive a force acting thereon in the vertical direction. 35 
Thus, since the force acting on each of the mounted tires 
10 in the vertical direction tends to be larger than the 
force acting on the spare tire 1 2 in the vertical direction, 
it is possible to know that the data indicative of the rel- 
atively large vertical force is originated from one of the 40 
mounted tires 10 while the data indicative of the rela- 
tively small vertical force is originated from the spare tire 
1 2. Further, each mounted tire 1 0 receives a force acting 
thereon in the longitudinal direction during acceleration 
and deceleration of the vehicle, and receives a force act- 45 
ing thereon in the transverse direction during turning of 
the vehicle. Since the spare tire 12 rarely receives such 
forces acting in the longitudinal and transversal direc- 
tions, it is possible to distinguish the spare tire 12 from 
the mounted tires 10 on the basis of such longitudinal so 
and transversal forces. Thus, the data representative of 
the force acting on the tire can cooperate with data rep- 
resentative of the running state of the vehicle, so as to 
increase a reliability of the distinction of the spare tire 
12 from the mounted tires 10. 55 
[0129] For examp le, in step S53 of the spare-tire iden- 
tifying routine of Fig. 5, it is possible to effect a determi- 
nation as to whether a force acting on each tire in the 



vertical direction is smaller than a predetermined refer- 
ence amount, instead of effecting the determination as 
to whether the amount ATh of change of each tire is 
smaller than the predetermined reference amount ATs. 
In this arrangement, if there is a tire receiving the vertical 
force whose amount is smaller than the predetermined 
amount, it is possible to determine that the tire in ques- 
tion is the spare tire 12. Further, in step S53, it is also 
possible to determine whether a force acting on each 
tire in the longitudinal or transversal direction is smaller 
than a predetermined amount. In this arrangement, it is 
preferable that the spare-tire identification enabling con- 
dition includes, in addition to the above-described run- 
ning-time-related requirement, a running-motion-relat- 
ed requirement that the vehicle be currently accelerat- 
ing, decelerating or turning. It is noted that the vertical, 
longitudinal or transversal forces acting on the respec- 
tive tires may be compared with each other without us- 
ing the predetermined reference amount. In this case, it 
is possible to determine that the spare tire is one of the 
tires on which the smallest force acts. 
[0130] The vibration sensor 104 has a vibrator, and is 
adapted to detect vibration acting on the vibrator. This 
vibration sensor 104 outputs a signal whose voltage is 
variable depending upon an amount of displacement of 
the vibrator. In the present embodiment, the vibration 
sensor 104 is arranged to detect vibration applied prin- 
cipally in a radial direction of the tire. This is because 
each of the mounted tires 1 0 is vibrated in the radial di- 
rection due to a centrifugal force (rotational accelera- 
tion) acting on the mounted tire 10 tire as a result of ro- 
tation of the mounted tire 1 0, although the mounted tire 
10 is vibrated also in the other directions as a result of 
running of the vehicle. On the other hand, there is sub- 
stantially no centrifugal force acting on the spare tire 12, 
although the spare tire 12 is vibrated as a result of run- 
ning of the vehicle. Therefore, the voltage outputted by 
the sensor 1 04 provided in each mounted tire 10 is high- 
er than the voltage outputted by the sensor 1 04 provided 
in the spare tire 1 2, by at least an amount corresponding 
to influence of the centrifugal force, as shown in the 
graph of Fig. 9. Based on this fact, it is possible to de- 
termine that the spare tire 12 is one of the tires in which 
the vibration sensor 104 outputs the smallest absolute 
value of voltage as expressed as follows: 
MIN I Vil where T (numeral assigned to each tire) = 1 -5 
It is also possible to determine that the spare tire 12 is 
one of the tires in which the vibration sensor 1 04 outputs 
a voltage Vi which is the most deviated from the average 
(< Vi > = ZVi / 5) of the voltages outputted from the re- 
spective five sensors 104, namely, which satisfies the 
following expression: 

MAXI<Vi>-Vil 

[0131] In this arrangement in which the vibration data 
of the spare tire 1 2 is distinguished from that of each of 
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the mounted tires 1 0 by comparing the voltages output- 
ted by the respective sensors 104, with each other, it is 
possible to certainly distinguish one of the tire data sets 
as the tire data set of the spare tire 12, from the other 
tire data sets. In a spare-tire identifying routine illustrat- 
ed by the flow chart of Fig. 1 0, step S83 is implemented 
to calculate five absolute values each obtained by sub- 
tracting the corresponding voltage value from the aver- 
age of the five voltage values, and then compare the 
obtained five absolute values with each other. That is, 
in step S83, it is determined that the tire data set, includ- 
ing the vibration data providing the largest one among 
the five absolute values, has been transmitted from the 
spare tire 12. In step S57, the identification data includ- 
ed in the tire data set of the spare tire 1 2 is stored in the 
second data storage 77B. It is noted that the vibration 
sensor 104 may be adapted to detect exclusively the 
vibration acting on the tire in a particular direction, and 
not detect the vibration acting in the other directions. For 
example, it is preferable that the vibration sensor 1 04 is 
arranged to detect exclusively the vibration acting in the 
radial direction, or to detect the vibration acting in the 
radial direction more easily than that acting in the other 
direction. The vibration sensor 1 04 may be referred also 
to as an acceleration sensor. In the present embodi- 
ment, a tire-motion -basis determining portion (which is 
described in the mode (7) in the above "SUMMARY OF 
THE INVENTION") is principally constituted by portions 
of the receiving controller 74 which are assigned to store 
and execute the spare-tire identifying routine program 
illustrated by the flow chart of Fig. 1 0. 
[01 32] The shape sensor 1 06 serves to measure a ra- 
dial dimension and an axial width dimension of the tire, 
and may include a non-contact-type displacement sen- 
sor. Since each of the mounted tires 10 has an aspect 
ratio RH / RV (ratio of a radial dimension RH to a width 
dimension RV) which is smaller than that of the spare 
tire 12, the spare tire 12 is identifiable based on the as- 
pect ratio. For example, it is possible to determine that 
the spare tire 1 2 is one of the tires having an aspect ratio 
not smaller than a predetermined value, or that the 
spare tire 12 is one of the tires having the largest aspect 
ratio, it is noted that it is also possible to identify the 
spare tire 12 on the basis of two or more tire-state data 
elements contained in the tire data set 50, so that the 
identification of the spare tire 12 can be made more ac- 
curately and reliably. 

[0133] The non-mounted tire 12 can be identified also 
based on a difference between an ambient temperature 
and the tire temperature, since the difference between 
the ambient temperature and the temperature of the 
spare tire 1 2 tends to be smaller than the difference be- 
tween the ambient temperature and the temperature of 
the mounted tire 10, as shown in Fig. 11. In the light of 
this fact, step S83 of the spare-tire identifying routine of 
Fig. 1 0 may be modified to be implemented to calculate 
a minimum value of the difference between the ambient 
temperature and the tire temperature, in place of calcu- 



lating the voltage value most deviated from the average 
voltage value. Described more specifically, when a 
length of time having elapsed after initiation of running 
of the vehicle is not smaller than a predetermined value, 
5 a difference between the ambient temperature Tout and 
the temperature Ti of each tire is obtained. Then, five 
absolute values each obtained by subtracting the corre- 
sponding temperature Ti from the ambient temperature 
Tout are compared with each other. In this instance, it is 
io determined that the spare tire 1 2 is one of the tires which 
has a temperature that is the closest to the ambient tem- 
perature Tout, namely, which satisfies the following ex- 
pression: 

MINITout-Til 

In this arrangement, a temperature-difference-basis de- 
termining portion (which is described in the mode (6) in 
the above "SUMMARY OF THE INVENTION") is princi- 
pally constituted by a portion of the receiving controller 
74 which is assigned to identify the spare tire 1 2 on the 
basis of the difference between the tire temperature and 
the ambient temperature. 

[0134] Further, the non-mounted tire 12 can be iden- 
tified by taking account of the tire state upon initiation of 
running of the vehicle. In other words, it is possible to 
consider that the identification of the non-mounted tire 
1 2 can be made based on the tire state (e.g., difference 
among the temperatures of the tires) upon initiation of 
running of the vehicle and also the temperature or tem- 
perature change during running of the vehicle when the 
spare-tire identification enabling condition is satisfied, 
or alternatively, the identification can be made in an 
identifying manner that is selected based on the tire 
state upon initiation of running of the vehicle. As shown 
in Fig. 1 2, there are two patterns with respect to the tire 
temperature upon initiation of running of the vehicle. 
One of the two patterns (hereinafter referred to as "cold- 
start pattern") is that the temperatures of all the tires are 
substantially equal to each other and to the ambient 
temperature upon initiation of running of the vehicle. The 
other pattern (hereinafter referred to as "hot-start pat- 
tern"), which takes place, for example, when one of the 
mounted tires 10 having gone flat is replaced with the 
spare tire 12, is that the temperatures of the spare tire 
1 2 and the mounted tire 1 0 is considerably different from 
each other upon initiation of running of the vehicle. In 
the cold-start pattern, the temperature of the mounted 
tire 10 is increased at a higher rate than the spare tire 
1 2 after the initiation of running. In the hot-start case, on 
the other hand, the temperature of the spare tire 12 
(which used to be the mounted tire before the replace- 
ment) is higher than the ambient temperature upon ini- 
tiation of the running, and is then reduced after the ini- 
tiation of running. Further, in this hot-start pattern, the 
temperature (Hs in Fig. 12) of the newly mounted tire 
(which used to be the spare tire before the replacement) 
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is increased at a high rate after the initiation of running, 
while the temperatures (Ho in Fig. 12) of the other 
mounted tires are no longer increased even after the in- 
itiation of running since the temperatures of those 
mounted tires had been already increased to the con- 
stant level. 

[01 35] Therefore, where there is not a large difference 
among the temperatures of the tires 10, 12 upon switch- 
ing of the ignition switch 76 from its OFF state to ON 
state (upon starting of the vehicle), it can be determined 
that the tires, each having a relatively high temperature 
and exhibiting a relatively high rate of the temperature 
increase after a predetermined length TO of time has 
passed, correspond to the mounted tires 1 0. On the oth- 
er hand, where there is a large difference among the 
temperatures of the tires 10, 12 upon switching of the 
ignition switch 76 from its OFF state to ON sate (upon 
starting of the vehicle), it can be determined that the tire, 
whose temperature is reduced after a predetermined 
length T2 of time, corresponds to the spare tire 12. Fur- 
ther, it can be also determined that the tire, whose tem- 
perature is the lowest among all the tires after a prede- 
termined length T1 of time, corresponds to the non- 
mounted tire. It is noted that it is possible to determine 
that any tire whose temperature is not smaller than a 
predetermined guard value (e.g., 50 °C) corresponds to 
the mounted tire 10 even if the temperature of the tire 
in question is the lowest among all the tires, so that the 
mounted tire 10 can be prevented from being errone- 
ously identified as the spare tire 12. 
[0136] In this third embodiment, a spare-tire identifi- 
cation routine illustrated by the flow chart of Fig. 13 is 
executed. In this routine of Fig. 13, the identification of 
the spare tire 1 2 is effected in a selected one of two iden- 
tification procedures, i.e., a small-temperature-differ- 
ence-pattern procedure and a large-temperature-differ- 
ence-pattern procedure. The routine is initiated with 
step S121 to determine whether one of the two identifi- 
cation procedures has bee already selected or not. 
When step S1 21 is implemented for the first time, a neg- 
ative decision is obtained in step S121 since the proce- 
dure selection is not done at least before the first imple- 
mentation of step S121. The negative decision in step 
S121 is followed by steps 122 to determine whether the 
difference among the temperatures of the respective 
tires is equal to or larger than a predetermined amount. 
If the difference among the temperatures of the respec- 
tive tires is smaller than the predetermined amount, the 
small-temperature-difference-pattern procedure suita- 
ble for the "cold-start pattern" is selected. In this case, 
step S123 is implemented to set a small-temperature- 
difference-pattern procedure flag to ON, whereby step 
S51 and the following steps are implemented as shown 
in Fig. 5. In this case of the small-temperature-differ- 
ence-pattern procedure, the spare-tire identification en- 
abling condition is provided by a running-time-related 
requirement that at least the predetermined length TO 
of time has elapsed after initiation of running of the ve- 



hicle. 

[0137] If the temperature difference is not smaller 
than the predetermined amount, namely, if an affirma- 
tive decision is obtained in step S122, the large-temper- 
5 ature-difference-pattern procedure suitable for the "hot- 
start pattern" is selected. In this case, step S124 is im- 
plemented to set a large-temperature-difference-pat- 
tern procedure flag to ON, whereby step S125 and the 
following steps are implemented. In step S127, it is de- 
10 termined whether there is a tire whose temperature 
change amount ATh is equal to or smaller than a prede- 
termined negative amount ATs. If an affirmative decision 
is obtained in step S127, the control flow goes to step 
S54 in which the tire in question is provisionally deter- 

15 mined as the spare tire 1 2. In this case of the large-tem- 
perature-difference-pattern procedure, the spare-tire 
identification enabling condition is provided by a run- 
ning-time-related requirement that at least the predeter- 
mined length T2 of time has elapsed after initiation of 

20 running of the vehicle. 

[0138] If one of the two identification procedures has 
been already selected, an affirmative decision is ob- 
tained in step S121, whereby the control flow goes to 
step S129 that is implemented to determine which one 

25 of the two procedure flags is in its ON state, so that the 
identification of the spare tire 1 2 is effected in a suitable 
one of the two identification procedures. In this third em- 
bodiment, the spare tire 12 can be identified with a high 
accuracy owing to the arrangement in which the identi- 

30 fication of the spare tire 12 is effected in one of the dif- 
ferent procedures that is selected based on the temper- 
ature difference upon initiation of running of the vehicle. 
It is noted that the accuracy of the identification of the 
spare tire 1 2 can be further improved, if the identification 

35 is effected based on both of the temperature and tem- 
perature change. 

[0139] As described above, in the tire-information 
processing routine illustrated by the flow chart of Fig. 4, 
where the spare-tire successfully identified flag is not in 

*o its ON state, the tire data set of each mounted tire 1 0 
and that of the spare tire 12 are equally handle or proc- 
essed, so that the warning flag is set to ON if one of the 
tire indicates an abnormal state, irrespective of whether 
the tire in question is the mounted tire 10 or the spare 

*5 tire 1 2. This arrangement provides an advantage, for ex- 
ample, in a case where the spare tire is mounted on the 
axle in place of one mounted tire after the identification 
data of the spare tire has been stored as the identifica- 
tion data of the spare tire. That is, in this case, the warn- 

w ing device 72 can be activated even in the event of re- 
duction of the air pressure of the newly mounted tire 
which used to be the spare tire and which is recognized 
still as the spare tire. However, this arrangement may 
be modified as needed. For example, it is possible to 

>5 suspend the processing of the tire data sets 50 or sus- 
pend the detection of an abnormality of the tire state, 
until the spare-tire successfully identified flag is placed 
into its ON state in each cycle of execution of the routine, 



25 



ONSDOCIH: <EP lOMMJfiA? I 



49 

so that the warning device 72 is not activated even if the 
air pressure of any one of the tires 1 0, 1 2 is low. Further, 
it is also possible to identify the spare tire 1 2 on the basis 
of the identification data stored in the last cycle of the 
execution of the routine. 

[0140] In the routine illustrated by the flow chart of Fig. 
4, the detection or identification of the spare tire 12 is 
effected when the ignition switch 76 is switched from its 
OFF state to ON state. However, the routine may be 
modified such that the identification of the spare tire 12 
is effected when the vehicle is stopped and restarted. 
This modification makes it possible to correctly identify 
the spare tire 1 2 even if a tire replacement is made with 
the ignition switch 76 being held in its ON state. The 
identification of the spare tire 12 may be effected at a 
desired point of time after a tire replacement; wherein 
the point of time is determined or modified by the vehicle 
driver or operator. 

[01 41 ] For example, the identification of the spare tire 
12 may be effected when the reset switch 116 is oper- 
ated after a tire replacement in which a flat one of the 
mounted tires 10 is replaced with the spare tire 12. In 
this arrangement, the fiat tire (which used to be one of 
the mounted tires and then removed from the axle) is 
correctly identified as the non-mounted tire, so that the 
identification data included in the tire data set transmit- 
ted from the flat tire is stored as the non-mounted tire 
identification data in the data storage. 
[0142] A part of a tire-information processing routine 
is illustrated by the flow chart of Fig. 15. Step S150 is 
implemented to determine whether the reset switch 1 1 6 
has been switched from its OFF state to its ON state. If 
a negative decision is obtained in step S150, step S151 
is implemented to convert the received tire data set into 
the form processable by the computer of the receiving 
controller 74, and step S152 is then implemented to de- 
termine whether the air pressure value represented by 
the air pressure data included in each tire data set is 
lower than the predetermined minimum value. If the air 
pressure value is lower than the predetermined mini- 
mum value, the identification data included in the tire 
data set in question is stored in the third data storage 
77C in step S153. In this fourth embodiment, where a 
tire replacement is effected at a point T of time as shown 
in Fig. 14, the reset switch 116 is operated whereby an 
affirmative decision is obtained in step S150.The affirm- 
ative decision in step S150 is followed by step S154 in 
which the identification data, stored in the third data stor- 
age 77C in step S1 53, is stored in the second data stor- 
age 77B. This routine illustrated by the flow chart of Fig, 
15 is executed equally irrespective of whether the igni- 
tion switch 76 is in its ON state or OFF state, since the 
reset switch 1 16 is operable in the ON state of the igni- 
tion switch 76 as well as in the OFF state of the ignition 
switch 76. In this fourth embodiment in which the iden- 
tification of the spare tire 12 is effected each time the 
rest switch 116 is operated, the identification data of the 
spare tire obtained or stored in the last cycle of execu- 



50 

tion of the routine is used during a period of time be- 
tween a moment at which the reset switch 116 is turned 
ON and a moment at which the identification data of the 
spare tire is newly obtained or stored in the present cycle 

5 of execution of the routine. 

[01 43] When a flat one of the mounted tires 1 0 whose 
air pressure has been reduced is removed from the axle 
so as to be replaced by the spare tire 1 2, the air pressure 
of the flat tire may be further reduced in a suitable man- 

10 ner, so as to be smaller than a predetermined minimum 
pressure value that is required to permit the vehicle to 
run for a predetermined length of time, before the flat 
tire is disposed on a designated position in the vehicle 
body. This arrangement makes it possible to determine 

15 that the spare tire is one of the tires which has the air 
pressure smaller than the predetermined minimum 
pressure value, when the vehicle has run for at least the 
predetermined length of time (see Fig. 1 7). A part of a 
tire-information processing routine is illustrated by the 

20 flow chart of Fig. 1 6. Step S1 70 is implemented to con- 
vert the received tire data set into the processable form, 
and step S1 71 is then implemented to determine wheth- 
er the air pressure value represented by the air pressure 
data included in each tire data set is lower than a pre- 

25 determined first value P0. If the air pressure value of at 
least one of the tires is not larger than the predetermined 
first value P0, an affirmative decision is obtained in step 
S171, the control flow goes to step S172 In which the 
identification data of the tire whose air pressure is not 

30 larger than the predetermined first value P0 is stored in 
the third data storage 77C. Step S1 72 is followed by step 
S173 to set the warning flag to ON. Step S174 is imple- 
mented to determine whether the vehicle is currently 
stationary or not. This step S174 is repeatedly imple- 

35 mented until a negative decision is obtained, namely, 
until the vehicle starts to run. When the vehicle is not 
currently stationary, negative decisions are obtained in 
steps S174 and S175, whereby step S177 and the fol- 
lowing steps are implemented. If the vehicle continues 

40 running without the tire replacement, a negative deci- 
sion is obtained in step S177 in which it is determined 
whether the air pressure of at least one of the tires is 
lower than the above-described predetermined mini- 
mum pressure value (hereinafter referred to as "a pre- 

45 determined second value Pd"), since the air pressure of 
each tire is not lower than the predetermined second 
value Pd. With the negative decision in the determina- 
tion of step S 1 77, the control flow goes to step S 1 4 with- 
out resetting the warning flag to OFF. 

so [0144] If an affirmative decision is obtained in step 
S1 74, there is a possibility that the tire replacement has 
been made. In this case, an affirmative decision is ob- 
tained in step S175 when the vehicle starts to run, and 
step S1 76 is implemented to start a timer upon starting 

55 of the vehicle. While the vehicle is running, negative de- 
cisions are obtained in steps S174, S175, whereby the 
control flow goes to step S1 77 which is implemented to 
determine whether the air pressure of at least one of the 
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tires is smaller than the predetermined second value Pd 
(that is lower than the predetermined first value PO). If 
the air pressure of any one of the tires is not smaller than 
the second value Pd, the warning flag is held In its ON 
state since there is a possibility that the tire replacement 
has not been made. If the air pressure of at least one of 
the tires is smaller than the second value Pd (that may 
be close to a value of the atmospheric pressure), step 
S178 is implemented to determine the time measured 
by the timer has reached a predetermined value TO. If 
the time has reached the predetermined value TO with 
the air pressure of the tire in question being smaller than 
the second value Pd, it is possible to determine that the 
tire in question is the spare tire 12. An affirmative deci- 
sion in step S1 78 is followed by steps S1 79 in which the 
warning flag is reset to OFF. Step S1 80 is implemented 
to determine that the identification data stored in the 
third data storage 77C corresponds to the identification 
data of the spare tire 12, so that the identification data 
stored in the third data storage 77C is stored also in the 
second data storage 77B. Meanwhile, the timer is reset 
to "zero". 

[0145] The routine of this fifth embodiment may be 
provided with manual steps, which are implemented 
manually by the vehicle driver or operator when the tire 
replacement is made, namely, when one of the mounted 
tires 10 is replaced by the spare tire 12. The manual 
steps are: reducing the air pressure of the dismounted 
tire to a level smaller than the predetermined second 
value Pd; and operating the reset switch 11 6. In this ar- 
rangement, step S175 and the following steps are im- 
plemented in response to the operation of the reset 
switch 116. Further, the reset switch 116 may be oper- 
ated when the spare tire whose air pressure is low is 
replaced with a new spare tire. In this arrangement, the 
identification data of the new spare tire may replace that 
of the ex-spare tire, so as to be stored in the data stor- 
age. 

[01 46] While an abnormality of the tire state is detect- 
ed during the OFF state of the ignition switch 76 as well 
as during the ON state of the ignition switch 76 in the 
above-described embodiments with the tire-information 
processing routine of Fig. 4, the detection of abnormality 
of the tire state during the OFF state of the ignition switch 
76 is not essential. Further, in the above-described em- 
bodiments, if at least one of the tires 10, 12 is detected 
to have a low air pressure before the spare tire 12 is 
identified, the warning device 72 is activated irrespec- 
tive of whether the tire having the low air pressure is 
actually one of the mounted tires 10 or the spare tire 12. 
After the spare tire 12 is identified, if the tire having the 
low air pressure is determined to be the spare tire 12, 
the activation of the warning device 72 is immediately 
suspended. However, in this instance, the activation of 
the warning device 72 may be suspended after the ac- 
tivation is maintained for a predetermined length of time, 
so that the vehicle operator can be informed of the fact 
that the air pressure of the spare tire 12 is low. 



[0147] A part of a tire-information processing routine 
is illustrated by the flow chart of Fig. 18. Step S200 is 
implemented to determine whether the spare-tire suc- 
cessfully identified flag is in its ON sate or not. If this flag 
5 is not yet set to ON, the tire data sets of all the tires 1 0, 
1 2 are equally processed in steps S203-S207. In the im- 
plementation of these steps, if at least one of the tires 
10, 12 is detected to have an air pressure lower than a 
predetermined value, the warning flag is set to ON. The 
10 identification data of the tire in question is stored in the 
third data storage 77C, and the timer is then started. The 
ON state of the warning flag remains unchanged while 
the spare-tire successfully identified flag is in its OFF 
state. When the spare-tire successfully identified flag is 
15 set to ON, the control flow goes to step S208 to deter- 
mine whether the warning flag is in its ON state or not. 
If the warning flag is in its ON state, step S209 is imple- 
mented to determine whether the identification data 
stored in the third data storage 77C in step S205 corre- 
20 sponds to that of the spare tire 12. If an affirmative de- 
cision is obtained in step S209, step S21 0 is implement- 
ed to determine the time measured by the timer has 
reached a predetermined value. While the measured 
time is smaller than the predetermined value, the acti- 
os vation of the warning device 72 is maintained. When the 
time has reached the predetermined value, namely, 
when the predetermined length of time has elapsed after 
the warning flag was set to ON, steps S211, S212 are 
implemented to reset the warning flag to OFF and to re- 
30 set the timer to "zero". If a negative decision is obtained 
in step S209, the warning flag is not reset to OFF so that 
the warning device 72 continues to be activated. 
[0148] As described above, in this sixth embodiment 
of the invention, an alarm or warning is given for the pre- 
ss determined length of time, as shown in Fig. 1 9, whereby 
the vehicle operator is informed of the fact that the air 
pressure of the spare tire 12 is low. Further, the vehicle 
operator is informed by the continuous activation of the 
warning device 72, of the fact that the air pressure of at 
40 least one of the mounted tires 1 0 is low. It is noted that 
step S213 is implemented to reset the warning device 
to OFF when the ignition switch 76 is in its OFF state. 
That is, in the present embodiment, an abnormality of 
the tire state is not detected during the OFF state of the 
45 ignition switch 76. 

[01 49] The warning device 72 may be controlled in ac- 
cordance with a warning-device controlling routine illus- 
trated by the flow chart of Fig. 20. In this seventh em- 
bodiment, if an affirmative decision is obtained in step 
so S222, namely, if the air pressure is lower than a prede- 
termined value Ps, step S223 is implemented to deter- 
mine whether the tire data set 50 in question (including 
the air pressure data indicative of the low air pressure) 
has been transmitted from the non-mounted tire 12 or 
55 not. If the tire data set 50 in question is determined to 
have been transmitted from the mounted tire 1 0 rather 
than the non-mounted tire 1 2, step S224 is implemented 
to activate the warning device 72 in a predetermined 
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manner. If the tire data set 50 in question is determined 
to have been transmitted from the non-mounted tire 12, 
step S225 is implemented to activate the warning device 
72 in another predetermined manner that is different 
from the above-described predetermined manner. That 
is, the warning device 72 is activated in one of different 
manners that is selected depending upon whether the 
determination in step S222 relates to the mounted tire 
1 0 or the non-mounted tire 12. For example, where the 
warning device 72 is constituted by a sound emitter, the 
warning device 72 may be adapted to emit one of differ- 
ent music melodies that is selected depending upon 
whether the tire having the low air pressure is the mount- 
ed tire 1 0 or the non-mounted tire 12. Where the warning 
device 72 is constituted by a display device, the warning 
device 72 may be adapted to display a message in one 
of its different portions that is selected depending upon 
whether the tire having the low air pressure is the mount- 
ed tire 1 0 or the non-mounted tire 1 2. In either of these 
cases, the warning device 72 is activated when the air 
pressure of at least one of the tires 10, 12 is lower than 
the predetermined value Ps, such that the vehicle oper- 
ator can know whether the tire having the tow air pres- 
sure is the mounted tire 10 or the non-mounted tire 12. 
[0150] In the present embodiment with the warning- 
device controlling routine of Fig. 20, it is determined 
whether the air pressure of each tire is lower than the 
predetermined value Ps, and then determined whether 
the tire data set 50 indicative of the low air pressure has 
been transmitted from the non-mounted tire 12 or not, 
as described above. The tire-information processing 
routine of Fig. 4 may be modified to delete steps S19, 
S20, S17 so that the warning flag is not reset to OFF 
even if the warning flag has been set to ON due to a low 
air pressure (or high temperature) of the non-mounted 
tire 12 rather than that of the mounted tire 10. In this 
modified arrangement, it is possible to determine wheth- 
er the warning flag is in ON state or not in step S222 of 
the routine of Fig. 20. Further, the tire- information 
processing routine of Fig. 4 may be provided with an- 
other warning flag (referred to as a second warning flag) 
in addition to the above-described warning flag (referred 
to as a first warning flag). The second warning flag is 
set to ON while the first warning flag is reset to OFF in 
step S20, namely, when an affirmative decision is ob- 
tained in step S19. In this modified arrangement, the 
warning device 72 is activated in one of the different 
manners that can be selected depending upon which 
one of the first and second warning flags is in ON state. 
[0151] The warning device 72 may include a plurality 
of indicators, as shown in Figs. 21 A-21C by way of ex- 
ample, in which two lamps 150, 152 are provided in the 
warning device 72, so that the vehicle operator can 
know whether the tire indicating an abnormality (e.g. the 
air pressure lower than a predetermined minimum vale) 
is the mounted tire 10 or the non-mounted tire 12, by 
seeing the ON and OFF states of the two lamps 150, 
1 52. In an arrangement of Fig. 21 B, the first and second 



lamps 150, 152 are respectively placed in the ON state 
(light ON state or light flashing state) and the OFF state 
(light OFF state) when the air pressure of the mounted 
tire 10 is lower than the predetermined minimum value, 

5 while the first and second lamps 150, 152 are respec- 
tively placed in the OFF state and the ON state when 
the air pressure of the non-mounted tire 12 is lower than 
the predetermined minimum value. When the air pres- 
sures of the mounted and non-mounted tires 10, 12 are 

10 both lower than the predetermined minimum value, the 
first and second lamps 150, 152 are both placed in the 
ON states. In an arrangement of Fig. 21 C, the first and 
second lamps 150, 152 are respectively placed in the 
ON state and the OFF state when the air pressu re of the 

15 mounted tire 10 is lower than the predetermined mini- 
mum value, while the first and second lamps 150, 152 
are both placed in the ON states when the air pressure 
of the non-mounted tire 12 is lower than the predeter- 
mined minimum value. The arrangement of Fig. 21 C 

20 does not deal with the case where the air pressures of 
the mounted and non-mounted tires 10,12 are both low- 
er than the predetermined minimum value, which case 
is considered to rarely take place. In this eighth embod- 
iment, the tire state is determined to be abnormal when 

25 the air pressure is lower than the predetermined mini- 
mum value. However, the condition for determining the 
abnormality of the tire state may be modified as needed. 
For example, the tire state may be determined to be ab- 
normal when the air pressure is lower than the prede- 

30 termined minimum value and/or when the tire tempera- 
ture is higher than the predetermined maximum value. 
Further, the abnormality determination may be made 
when otherwise modified condition is satisfied. 
[0152] The warning device 72 may be provided by a 

35 display device having a display as shown in Figs. 22A 
and 22B. In the display 158 of Fig. 22A in which five 
indicators 1 60, 1 62, 1 64, 1 66, 1 68 are provided, the four 
indicators 160, 162, 164, 166 are positioned in respec- 
tive positions corresponding to front right and left wheels 

40 and rear right and left wheels of a vehicle illustrated on 
the display 158, while the indicator 168 indicating the 
spare tire is positioned in a rear portion of the illustrated 
vehicle. In the display 169 of Fig. 22B in which five in- 
dicators 170, 172, 174, 176, 178 are provided, the four 

45 indicators 170, 172, 174, 176 are positioned in respec- 
tive positions corresponding to four mounted tires of a 
vehicle illustrated on the display 1 69, while the indicator 
178 indicating the spare tire is positioned in a central 
portion of the illustrated vehicle. In this ninth embodi- 

50 ment illustrated in Figs. 22A and 22B, when the air pres- 
sure of the spare tire 1 2 is lower than the predetermined 
minimum value, an operational state of the indicator 1 68 
or 1 78 is switched. When the air pressure of one of the 
mounted tires 10 is lower than the predetermined mini- 

55 mum value, operational states of the indicators 1 60-1 66 
or 170-176 are all switched. In this instance, however, 
if the position of the mounted tire 10 having the low air 
pressure is detectable (for example, if the identification 
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data of each tire is representative of the position of the 
corresponding mounted tire 10), it is possible to switch 
an operational state of one of the indicators positioned 
in the mounted tire 10 in question, so that the vehicle 
operator can be informed of which one of th e four mount- 
ed tires 10 currently suffers from the low air pressure. 
Further, the indicators 160-168 or 170-178 may be 
adapted to numerically indicate values of the air pres- 
sures of the tires 1 0, 1 2. 

[0.1 53] Figs. 23A and 23B show other arrangements 
of the warning device 72. In the arrangement of Fig. 23A, 
an indicator 1 80 is provided to indicate a number of the 
tire or tires each having an air pressure lower than the 
minimum value, or indicate a value of the air pressure 
lower than the minimum value. In the arrangement of 
Fig. 23B, five lamps 1 82, 1 83, 1 84, 1 85, 1 86 are provid- 
ed such that the same number of lamps as the tires suf- 
fering from the low air pressure are turned ON. In this 
tenth embodiment illustrated in Figs. 22A and 22B, the 
arrangements may be modified as needed. For exam- 
ple, the arrangement of Fig. 23A may be modified such 
that the value of the low air pressure is not indicated if 
the tire having the low air pressure is the spare tire 12. 
The arrangement of Fig. 23B may be modified such that 
the lamp 1 82 is turned ON when the air pressure of the 
spare tire 12 is low and such that one of the lamps 
1 83-1 86 is turned ON when the air pressure of the cor- 
responding mounted tire 10 is low. 
[0154] Figs. 24A-24D shows still another arrange- 
ment of the warning device 72. In this eleventh embod- 
iment of the invention, a single lamp 190 is provided to 
be activated according to one of various patterns that is 
selected depending upon the states of the tires 10, 12. 
For example, the lamp 190 is turned ON, as shown in 
Fig. 24B, when the air pressure of the spare tire 12 is 
low. The lamp 190 is flashed, as shown in Fig. 24C or 
24D, when the air pressure of the mounted tire 1 0 is low. 
The arrangement may be modified such that the lamp 
1 90 is turned ON in an intermittent manner when the air 
pressure of one of the tires 10, 12 is low while the lamp 
190 is held ON in a continuous manner when the 
number of the tires 1 0, 1 2 having the low air pressures 
is two. Further, it is possible to inform the vehicle oper- 
ator of various states of the tires, by changing the length 
of time for which the lamp is held ON or OFF. 
[0155] While the receiver 78 is provided with the sin- 
gle receiving antenna 70 in the above-described em- 
bodiments, the receiver 78 may be provided with two or 
more receiving antennas. Fig. 31 shows an arrange- 
ment in which the receiver 78 includes, in addition to the 
receiving antenna 70 as a first receiving antenna, a sec- 
ond receiving antenna 196. The first receiving antenna 
70 serves to receive the tire data sets 50 transmitted 
from the transmitters 38 provided in the respective 
mounted tires 10, while the second receiving antenna 
196 serves to receive exclusively the tire data set 50 
transmitted from the transmitter 38 provided in the spare 
tire 1 2. In this arrangement, the tire data set 50 received 



by the second receiving antenna 1 96 can be determined 
to be originated from the spare tire 12. It is noted that 
the second receiving antenna 1 96 may be referred to as 
a non-mounted-tire-information receiving antenna. 
5 [0156] The threshold amount or value (as to the tem- 
perature change, temperature, applied force, shape of 
the tire, for example), according to which the tire data 
sets 50 are divided into the tire data sets 50 of the 
mounted tires 10 and the tire data set 50 of the non- 
10 mounted tire 12, may be determined during an actual 
running of the vehicle. Although the threshold value may 
be a theoretical value determined in a stage of designing 
or production of the vehicle as described above, it is 
preferable that the threshold value is determined during 
'5 an actual running of the vehicle, because the tire state 
varies depending upon a running state or environment 
during the actual running of the vehicle. As shown in 
Figs. 25A and 25B, it is possible to determine the thresh- 
old value, on the basis of the tire-state- related values 
20 representative of the states of the tires during an actual 
running of the vehicle, wherein the identification data of 
each of the tires 10, 12 is stored in the data storage, 
prior to the determination of the threshold value. In this 
instance, the determination of the threshold value is 
25 made when the running distance has reached a prede- 
termined value, namely, when the state of each mount- 
ed tire 10 and the state of the non-mounted tire 12 are 
clearly differentiated from each other, or when the iden- 
tification of the non-mounted tire is made with satisfac- 
30 tion of the above-described spare-tire identification en- 
abling condition. 

[0157] A threshold-value determining routine illustrat- 
ed by the flow chart of Fig. 26 is executed when a run- 
ning of a manufactured vehicle is initiated. This routine 
35 is initiated with step S250 to determine whether the ve- 
hicle is currently running or not. If an affirmative decision 
is obtained in step S250, step S251 is implemented to 
detect the temperature T and the temperature change 
amount AT, and step S252 is then implemented to de- 
40 termine whether the vehicle has run at least a predeter- 
mined distance. While the running distance is smaller 
than the predetermined distance, step S252 is repeated 
to repeatedly detect the temperature T and the change 
amount AT. After the running distance has reached the 
45 predetermined distance, step S253 is implemented to 
determine the threshold value on the basis of the de- 
tected values of the temperature T and the change 
amount AT. The spare tire 12 is identified based on the 
thus determined threshold value. For example, the 
so above-described threshold value ATs (used in step S53 
of the spare-tire identification routine of Fig. 5) can be 
determined in this threshold-value determining routine, 
so that the spare tire 12 is identified based on the de- 
termined threshold value ATs in the routine of Fig. 5. The 
55 thus determined threshold value makes it possible to 
further improve the reliability of the distinction of the 
spare tire 12 from the mounted tires 10. In this twelfth 
embodiment, a threshold-value determining portion is 
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constituted by portions of the receiving controller 74 
which are assigned to store and execute the threshold- 
value determining routine program, while a threshold- 
basis non-mounted-tire information sorting portion is 
constituted by a portion of the receiving controller 74 
which is assigned to identify the spare tire 1 2 on the ba- 
sis of the determined threshold value. It is also possible 
to consider that the threshold-basis non-mounted-tire 
information sorting portion is constituted by portions of 
the receiving controller 74 which are assigned to store 
and execute the spare-tire identification routine program 
of Fig. 5, where the threshold value ATs (used in step 
S53) is determined by the threshold-value determining 
portion. 

[0158] The threshold value may be determined or 
modified each time the ignition switch 76 is switched 
from its OFF state to ON state, each time a predeter- 
mined period of time (e.g. one or two months) has 
passed, each time a predetermined number of times the 
vehicle has run, or each time a predetermined distance 
the vehicle has run. In the above-described embodi- 
ments, the threshold value is determined when the run- 
ning distance (measured from a point of time of the ini- 
tiation of the running) has reached the predetermined 
distance. However, the determination of the threshold 
value may be made when the running time (measured 
from the point of time of the initiation of the running) has 
reached the predetermined length of time. In either of 
these arrangements, the threshold value is determined 
in a state suitable for the separation of the non-mounted 
tire 12 from the mounted tires 10, for example, when an 
accumulative amount of load applied to each tire reach- 
es a predetermined amount. Further, the pre-storing of 
the identification data of each tire is not essential. After 
detecting the tire-state-related value (such as the tire 
temperature and temperature change) of each tire, it is 
possible to determine, as the threshold value, a value 
that is located between the tire-state-related value of 
one tire and the tire-state-related values of four tires. It 
is noted that the threshold values of the other tire-state- 
related values (such as the applied force, vibration and 
shape of the tire) may be determined in the same man- 
ner as the determination of the threshold value of the 
tire temperature or temperature change. 
[0159] There will be described a control operation of 
the vehicle controller 80. In response to an air-pressure- 
data requesting signal outputted by the vehicle control- 
ler 80 to the receiving controller 74, the receiving con- 
troller 74 outputs the air pressure data representative of 
the air pressure of each mounted tire 10, to the vehicle 
controller 80, which in turn controls the actuator 82 on 
the basis of the air pressure data. Since the receiving 
controller 74 does not output the air pressure data of the 
spare tire 12, the vehicle controller 80 does not control 
the running state of the vehicle on the basis of the air 
pressure of the spare tire 12. 

[01 60] As a kind of vehicle control executed based on 
the tire state in the form of the air pressure, there are a 



control of a suspension device, a control of a steering 
device, a control of a braking device, a control of a driv- 
ing device and a control of a power transmitting device, 
for example. In these controls, the air pressure data is 

5 used as primary input data in some cases, and is used 
as ancillary input data in the other cases. Where the air 
pressure data is used as primary input data, a target val- 
ue is determined directly based on the air pressure. 
Where the air pressure data is used as ancillary input 

10 data, a target value is determined based on primary in- 
put data representative of a running state of the vehicle. 
In the latter case, the air pressure data as the ancillary 
input data is used to modify the determined target value, 
a threshold value for initiation of a control and/or a rule 

15 of the control. That is, the determined target value, the 
threshold value for the control initiation and/or the con- 
trol rule are modified based on the air pressure data. 
[0161] As a kind of vehicle control in which the air 
pressure data is used as the primary input data, there 

20 are, for example, a suspension control for strengthen 
damping characteristics of a shock absorber of a sus- 
pension device when the air pressure is lower than a 
predetermined value, and a rear-wheel steering-angle 
control for controlling a steering angle of rear wheels so 

25 as to minimizing a yaw moment caused by a difference 
between the air pressures of the right and left wheels. 
On the other hand, as a kind of vehicle control in which 
the air pressure data is used as the ancillary input data, 
there is, for example, a vehicle stability control for con- 

30 trolling a braking force applied to each wheel so as to 
alleviate an oversteering or understeering tendency of 
the vehicle when the tendency is heavy during cornering 
of the vehicle. The air pressure data is used for modify- 
ing a threshold value or condition required for initiating 

35 such a vehicle stability control in such a manner that per- 
mits the control to be initiated more easily where the air 
pressure is relatively low, than where the air pressure is 
relatively high, for thereby reducing a force applied to 
the tire during the control. 

40 [01 62] Where it is not possible to determine a position 
of the tire suffering from the low air pressure, namely, 
where the tire having the low air pressure can not be 
identified among the four mounted tires, the vehicle con- 
trol may be executed on the assumption that the air 

45 pressures of alt the mounted tires are low. Further, for 
example, the vehicle controller 80 may be adapted to 
be capable of determining, on the basis of a running 
state and a fact that there is one tire having a low air 
pressure, a position of the tire having the low air pres- 

50 sure, so that the vehicle control can be executed de- 
pending upon the assumed position of the tire having 
the low air pressure. There will be briefly described the 
vehicle control executed based on the air pressure as 
the tire state. 

55 [0163] The vehicle controller 80 and the actuator 82 
may be respectively provided by, for example, a braking 
force controller and a braking-force controlling actuator 
cooperating with each otherto control brakingforces ap- 
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plied to the tires independently of each other. Each of 
the braking-force controlling actuators may be provided 
by a pressing-force controlling actuator capable of con- 
trolling a pressing force with which a frictional engage- 
ment member is forced against a rotor rotating together 
with the tire. The pressing-force controlling actuator may 
include a hydraulic-pressure controlling valve capable 
of controlling a pressure of a working fluid supplied to a 
hydraulically-operated braking device in which the fric- 
tional engagement member is forced by the pressurized 
working fluid, or alternatively, may include a driver circuit 
capable of controlling an amount of an electric current 
supplied to an electric motor of an electrically-operated 
braking device in which the frictional engagement mem- 
ber is forced by activation of the electric motor. 
[01 64] In the control of the braking device in which the 
pressing force is controlled in such a manner that per- 
mits a slip ratio of each wheel to be close to a target slip 
ratio that is determined based on an operating state of 
a brake operating member, the target slip ratio is set to 
be lower where the air pressure of the corresponding 
tire is relatively low, than where the air pressure is rela- 
tively high. This arrangement makes it possible to min- 
imize a yaw moment caused by a difference between 
the air pressures of the respective tires. In this arrange- 
ment, where the tire having the low air pressure can not 
be identified among the four mounted tires, the target 
slip ratios of all the mounted tires may be reduced. It is 
noted that the vehicle state detector 83 may include an 
operating-state detecting device for detecting the oper- 
ating state of the brake operating member in this ar- 
rangement. 

[0165] In the vehicle stability control in which a spin- 
ning or drift-out tendency is minimized when a turning 
state of the vehicle actually exceeds a critical state, a 
threshold value required for initiating the control is set 
to be smaller where at least one of the tires has a tow 
air pressure, than where none of the tires has a low air 
pressure. Thus, the control is initiated in an earlier stage 
where at least one of the tires has a low air pressure, 
than where none of the tires has a low air pressure, for 
thereby making it possible to reduce a load applied to 
each tire during execution of the control. The vehicle 
state detector 83 may include a yaw rate sensor, a lat- 
eral acceleration sensor, a steering-wheel angle sensor 
and/or a steering angle sensor, so that a turning direc- 
tion of the vehicle is also detectable. 
[01 66] Further, the vehicle controller 80 and the actu- 
ator 82 may be respectively provided by, for example, a 
rear-wheel steering-angle controller and a rear-wheel 
steering-angle control actuator cooperating with each 
other to control a steering angle of rear wheels. The rear 
wheel may be steered by either of an electric motor or 
a hydraulic pressure. The steering angle of the rear 
wheels is controlled in such a manner that minimizes a 
yaw moment caused by a difference between air pres- 
sures of the tires. For example, where there arises a dif- 
ference between the air pressures of the right and left 



driving wheels during driving of the vehicle, the pressure 
difference tends to induce a yaw moment that causes 
the vehicle to turn such that one of the driving wheels 
which has a lower air pressure is located on the outer 
5 side of the turning path. Where there arises a difference 
between the air pressures of the right and left driven 
wheels, the pressure difference tends to induce a yaw 
moment that causes the vehicle to turn such that one of 
the driven wheels which has a lower air pressure is lo- 
10 cated on the inner side of the turning path. In the rear- 
wheel steering-angle control, the rear wheels are 
steered in such a direction that reduces the yaw mo- 
ment, by an amount larger where the induced yaw mo- 
ment is relatively large than where the induced yaw mo- 
15 ment is relatively small, namely, by an amount larger 
where the above-described air pressure difference is 
relatively large than where the air pressure difference is 
relatively small. 

[01 67] There is a case where the vehicle is forced to 
20 be turned in spite of a steering wheel of the vehicle being 
kept in its neutral position. If such a case takes place 
where it is detected that the air pressure of at least one 
of the mounted wheels is low, it is possible to determine 
that a yaw moment is induced due to the low air pressure 
25 of the mounted tire or tires. The vehicle state detector 
83 may include a yaw rate sensor, a lateral acceleration 
sensor, a steering-wheel angle sensor and/or a steering 
angle sensor. The vehicle controller 80 receives infor- 
mation representative of the operating state of the driv- 
30 ing device. Further, in the control of the rear steering 
device for establishing the steering angle of the rear 
wheels which is determined based on the operating 
amount of the steering wheel and the running speed of 
the vehicle, the rear wheels are steered at a lower rate 
35 where the air pressures of the rear wheels are relatively 
low, than where the air pressures are relatively high. 
This is because it is not preferable to abruptly apply a 
large load to a tire having a low air pressure. Where it 
is not possible to determine whether the tire having the 
40 low air pressure is the rear wheel or not, it is possible to 
reduce the steering speed, irrespective of whether the 
tire in question is really the rear wheel or not. 
[0168] Further, the vehicle controller 80 and the actu- 
ator 82 may be respectively provided by, for example, 
45 an aiding-force controller and an aiding-f orce control ac- 
tuator cooperating with each other to control an aiding 
force to be generated by a steering-force aiding device 
(a power steering device) for aiding a steering force ap- 
plied to the steering member of the vehicle. The power 
so steering device may be adapted to generate the aiding 
force by means of either an electric motor or a hydraulic 
pressure. Where the steered wheels are provided by the 
driven wheels, a difference between the air pressures 
of the right and left driven wheels tends to induce a yaw 
55 moment forcing the vehicle to be turned in a direction 
toward one of the driven wheels which has a lower air 
pressure, namely, in such a direction that positions the 
wheel having the lower air pressure on the inner side of 



31 



BNSDOCID: <EP imfWWRA? i ^ 



61 



EP 1 338 446 A2 



62 



the turning path. Therefore, if the vehicle operator in- 
tends to turn the vehicle in a direction toward the other 
driven wheel having a higher air pressure, the aiding 
force is increased. If the vehicle is intended to be turned 
in the direction toward the driven wheel having the lower 
air pressure, the aiding force is reduced. It is possible 
to detect, on the basis of the steering angle of the steer- 
ing wheel, the turning direction intended by the vehicle 
operator. 

[01 69] Further, the vehicle controller 80 and the actu- 
ator 82 may be respectively provided by, for example, a 
suspension controller and a suspension control actuator 
(e.g., a device for adjusting damping characteristics of 
each shock absorber of the vehicle), for thereby making 
it possible to strengthen the damping characteristics (i. 
e., increasing a roll stiffness) of the shock absorber pro- 
vided in the tire having a low air pressure. This arrange- 
ment serves to prevent deterioration of a ride comforta- 
bility which would be caused by the reduction of the air 
pressure of the tire, and to provide the shock absorber 
with a suitable degree of roll stiffness. The position of 
the tire having the low air pressure can be estimated 
based on the vehicle state, as described above. Where 
the level of the vehicle body is lowered due to the pres- 
sure reduction of the tire, it is possible to activate a ve- 
hicle-level adjusting device to heighten the level of the 
vehicle body. 

[0170] Further, the vehicle controller 80 and the actu- 
ator 82 may be respectively provided by, for example, a 
drive controller and a drive control actuator cooperating 
with each other to control a driving torque to be gener- 
ated by the driving device, or may be respectively pro- 
vided by, for example, a transmission controller and a 
transmission control actuator cooperating with each oth- 
er to control the driving torque to be transmitted by the 
power transmitting device. Where the air pressure of the 
driving wheel is low, this arrangement serves to prevent 
an abrupt increase of the driving torque supplied to the 
driving wheel having the low air pressure. The driving 
torque supplied to the wheel having the low air pressure 
may be prevented from being abruptly increased, even 
where it is not possible to determine whether the tire 
having the low air pressure is provided by the driving 
wheel or not. 

[0171] The spare tire 12, which is carried by the vehi- 
cle, may be covered with a shielding member, so that 
the tire data set transmitted from the spare tire 12 is not 
received by the receiver 78, namely, so that the tire data 
set of the spare tire 1 2 is not processed in the receiving 
controller 74. Fig. 27 shows a thirteenth embodiment of 
the invention in which the spare tire 12 is accommodat- 
ed in a recess 200 formed in a luggage space of the 
vehicle body. An opening of the recess 200 is covered 
with a cover plate 202. Inner and bottom walls and the 
cover plate 202 are made of an electromagnetic-wave 
shielding material. For example, the cover plate 202 
may be provided by a non-conductive base member 
which is made of a resin or other material and which 



contains a conductive material, or may be provided by 
a conductive base member. This shielding arrangement 
is effective to inhibit an electromagnetic wave (emitted 
from the transmitter 38 provided in the spare tire 12) 

5 from being radiated outwardly of the recess 200, thereby 
advantageously eliminating necessity of executing the 
routine program for distinguishing the tire data set of the 
non-mounted tire 1 2 from those of the mounted tires 1 0. 
In this embodiment, it can be determined that all the tire 

10 data sets have been successfully received by the receiv- 
er 78, where the same number of tire data sets as the 
number of the mounted tires 10 have been received by 
the receiver 78. It is noted that an information-reception 
inhibitor as the non-mounted-tire information separator 

15 is principally constituted by the recess 200 and the cover 
plate 202. 

[0172] In the present embodiment, a tire-state infor- 
mation obtaining routine illustrated by the flow chart of 
Fig. 30 is executed. In this routine, step S302 is imple- 

20 mented to determine whether the number of the re- 
ceived tire data sets coincides with a predetermined 
number, i.e., four or not. If an affirmative decision is ob- 
tained in step S302, it is determined whether the air 
pressure represented by each tire data set is lower than 

25 the predetermined minimum value Ps in step S303, and 
then determined whether the tire temperature repre- 
sented by each tire data set is larger than the predeter- 
mined maximum value Ts in step S304. If either one of 
the air pressure and the tire temperature is determined 

30 to be abnormal, step S305 is implemented to set the 
warning flag to ON. If both of the air pressure and the 
tire temperature are determined to be normal, step S306 
is implemented to reset the warning flag to OFF. Step 
S307 is then implemented to reset the trial-number 

35 counter to "0". 

[0173] If the number of the received tire data sets is 
smaller than four, a negative decision is obtained in step 
S302, whereby the count of the trial-number counter is 
incremented by "one" in step S308, and it is then deter- 

40 mined whether the count of the trial-number counter be- 
comes equal to or larger than a predetermined number 
in step S309. If the count of the trial-number counter is 
still smaller than the predetermined number, the control 
flow returns to step S301 . When the count of the trial- 

45 number counter becomes equal to the, predetermined 
number, the count of the trial-number counted is reset 
to "zero", without switching the ON state or OFF state 
of the warning flag to the other state. It is noted that 
steps S302, S308 and S309 are not essential, because 

so there is no possibility of the tire data set of the spare tire 
12 is received in the present embodiment in which the 
above-described shielding arrangement is provided. 
That is, since each of the tire data set obtained by the 
receiving controller 74 is necessarily the tire data set of 

55 one of the mounted tires 10, the warning flag may be 
set to ON or reset to OFF on ly depending on the air pres- 
sure and the tire temperature, without the determination 
as to whether the received data sets equals to the pre- 
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determined number. 

[0174] Figs. 28 and 29 illustrate other arrangements 
of this thirteenth embodiment of the invention in which 
the spare tire 1 2 disposed in the rear or lower portion of 
the vehicle is covered by a shielding member 200 or 5 
212. In either of these arrangements, the spare tire 12 
may be fixed directly to the vehicle body, or indirectly to 
the.vehicle body via a suitable attachment or the shield- 
ing member 200 or 21 2. Each of the shielding members 
200, 2 1 2 may take the form of a vessel or a sheet. Where 10 
the shielding member is provided by the sheet, the 
shielding member may be constituted by a base mem- 
ber which is made of a cloth or other material and which 
is covered with a coating made of a conductive material, 
or may be constituted by a fiber which is woven to in- 15 
elude a conductive material. Further, where the shield- 
ing member is provided by the sheet, the shielding mem- 
ber can cover the spare tire 12 fixed directly to the ve- 
hicle body, without having to remove the spare tire 12 
from the vehicle body. It is noted that the shielding mem- 20 
ber does have to be adapted to substantially completely 
obstruct radiation of the electromagnetic wave emitted 
from the transmitter 38 of the spare tire 12, but may be 
adapted to damp the electromagnetic wave as long as 
the electromagnetic wave does not reach the receiving 25 
antenna 70. 

[0175] In the embodiments described above, the air 
pressure sensor 30 is fixed to a portion of the wheel 
which portion faces an inlet valve of the tire. However, 
the air pressure sensor 30 may be built in the tire per 30 
se,- disposed in an inner space of the tire, or provided in 
a b.ead portion, a sidewall portion or a tread portion of 
the tire. 

[0176] The principle of the invention is applicable not 
only to the above-described routine programs such as 35 
the tire-information processing routine program and the 
spare-tire identification routine program but also to any 
other program routines in which the tire data set of the 
non-mounted tire 12 is separated from the tire data sets 
of the mounted tires 1 0 on the basis of the tire data sets. 40 
Further, the warning or informing device 72 is not es- 
sential. The vehicle control based on the air pressure of 
each tire is not essential. Still further, the invention is 
applicable not only to a standard vehicle but also to a 
large-sized vehicle such as a truck and a trailer. It is to *s 
be understood that the present invention may be em- 
bodied with various other changes, modifications and 
improvements, such as those described in the SUMMA- 
RY OF THE INVENTION, which may occur to those 
skilled in the art, without departing from the spirit and so 
scope of the invention defined in the following claims: 

Claims 

55 

1. A vehicle tire information obtaining apparatus for 
obtaining tire information (50) relating to a plurality 
of tires (1 0, 1 2) of a vehicle which include a mounted 



tire (10) mounted on an axle of the vehicle and a 
non-mounted tire (12) carried by the vehicle, said 
apparatus comprising: 

tire state detectors (30, 32; 102, 104, 106) 
which are provided in the respective tires (10, 
1 2) and each of which detects a state of a cor- 
responding one of said tires; 
transmitters (38) which are provided in the re- 
spective tires and which transmit tire data sets 
(52, 54, 56, 58, 60), as said tire information, 
each containing at least one tire-state data el- 
ement (56, 58) representative of the detected 
state of a corresponding one of said tires; 
a receiver (70, 78; 196) which is provided in a 
body (22) of the vehicle and which receives said 
tire data sets transmitted by said transmitters; 
and 

a non-mounted-tire information separator (74; 
200, 202; 210; 212) which separates one of 
said tire data sets that has been transmitted 
from said non-mounted tire, from one of said 
tire data sets that has been transmitted from 
said mounted tire. 

2. A vehicle tire information obtaining apparatus ac- 
cording to claim 1 , wherein said non-mounted-tire 
information separator (74) includes a non-mounted- 
tire information determining portion (74) which au- 
tomatically determines whether each of said tire da- 
ta sets (52, 54, 56, 58, 60) received by said receiver 
(70, 78; 196) has been transmitted from said non- 
mounted tire (12) or not. 

3. A vehicle tire information obtaining apparatus ac- 
cording to claim 1 or 2, wherein said non-mounted- 
tire information separator (74) includes a non- 
mounted-tire information determining portion (74) 
which determines whether each of said tire data 
sets (52, 54. 56, 58, 60) received by said receiver 
(70, 78; 196) has been transmitted from said non- 
mounted tire (12) or not, on the basis of said each 
of said tire data sets received by said receiver. 

4. A vehicle tire information obtaining apparatus ac- 
cording to claim 2 or 3, 

wherein said at least one tire-state data ele- 
ment (56, 58), which represents the detected state 
of the corresponding one of said tires, includes at 
least one of a temperature data (58) representative 
of a temperature of the corresponding tire, an air 
pressure data (56) representative of an air pressure 
of said corresponding tire, a shape data represent- 
ative of a shape of said corresponding tire, an ap- 
plied-force data representative of a force applied to 
said corresponding tire, and a motion data repre- 
sentative of a motion of said corresponding tire, 

and wherein said non-mounted-tire informa- 
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tion determining portion (74) includes a tire-state- 
basis determining portion (74) which determines 
whether each of said tire data sets (52, 54, 56, 58, 
60) received by said receiver (70, 78; 1 96) has been 
transmitted from said non-mounted tire (12) or not, 
on the basis of said at least one tire-state data ele- 
ment (56, 58) which is contained in said each of said 
tire data sets. 

5. A vehicle tire information obtaining apparatus ac- 
cording to claim 4, 

wherein said at least one tire-state data ele- 
ment (56, 58) includes said temperature data (58), 

and wherein said tire-state-basis determining 
portion (74) of said non-mounted-tire information 
determining portion (74) includes a tire-tempera- 
ture-change-basis determining portion (74) which 
determines whether each of said tire data sets (52, 
54, 56, 58, 60) received by said receiver (70, 78; 
196) has been transmitted from said non-mounted 
tire (12) or not, on the basis of change of said tem- 
perature represented by said temperature data 
(58). 

6. A vehicle tire information obtaining apparatus ac- 
cording to claim 4 or 5, 

wherein said at least one tire-state data ele- 
ment (56, 58) includes said temperature data (58), 

and wherein said tire-state-basis determining 
portion (74) of said non-mounted-tire information 
determining portion (74) includes a temperature-dif- 
ference-basis determining portion (74) which deter- 
mines whether each of said tire data sets (52, 54, 
56, 58, 60) received by said receiver (70, 78; 196) 
has been transmitted from said non-mounted tire 
(12) or not, on the basis of a difference between an 
ambient temperature and said temperature repre- 
sented by said temperature data (58). 

7. A vehicle tire information obtaining apparatus ac- 
cording to any one of claims 4-6, 

wherein said at least one tire-state data ele- 
ment (56, 58) includes said motion data, 

and wherein said tire-state-basis determining 
portion (74) of said non-mounted-tire information 
determining portion (74) includes a tire-motion-ba- 
sis determining portion (74) which determines 
whether each of said tire data sets (52, 54, 56, 58, 
60) received by said receiver (70, 78; 196) has been 
transmitted from said non-mounted tire (12) or not, 
on the basis of said motion represented by said mo- 
tion data. 

8. A vehicle tire information obtaining apparatus ac- 
cording to any one of claims 4-7, wherein said tire- 
state-basis determining portion (74) of said non- 
mounted-tire information determining portion (74) 
includes a running-state-basis determining portion 



(74) which determines whether each of said tire da- 
ta sets (52, 54, 56, 58, 60) received by said receiver 
(70, 78; 196) has been transmitted from said non- 
mounted tire (1 2) or not, on the basis of said at least 
5 one tire-state data element (56, 58) during running 

of the vehicle. 

9. A vehicle tire information obtaining apparatus ac- 
cording to any one of claims 4-8, wherein said tire- 

10 state-basis determining portion (74) of said non- 
mounted-tire information determining portion (74) 
includes a tire-state-change-basis determining por- 
tion (74) which determines whether each of said tire 
data sets (52, 54, 56, 58, 60) received by said re- 

15 ceiver (70, 78; 1 96) has been transmitted from said 
non-mounted tire (1 2) or not, on the basis of said at 
least one tire-state data element (56, 58) upon ini- 
tiation of running of the vehicle and said at least one 
tire-state data element during running of the vehi- 

20 C le. 

10. A vehicle tire information obtaining apparatus ac- 
cording to any one of claims 4-9, 

wherein said at least one tire-state data ele- 
25 ment (56, 58) includes said temperature data (58), 
and wherein said tire-state-basis determining 
portion (74) of said non-mounted-tlre information 
determining portion (74) includes a temperature-dif- 
ference-basis determining portion (74) which deter- 
30 mines whether each of said tire data sets (52, 54, 
56, 58, 60) received by said receiver (70, 78; 196) 
has been transmitted from said non-mounted tire 
(12) or not, on the basis of a difference among tem- 
peratures of said plurality of tires (10, 12) each of 
35 which is represented by said temperature data (58) 
upon initiation of running of the vehicle, and also 
said temperatures during running of the vehicle. 

11. A vehicle tire information obtaining apparatus ac- 
40 cording to any one of claims 4-1 0, 

wherein said at least one tire-state data ele- 
ment (56, 58) includes said temperature data (58), 
and wherein said tire-state-basis determining 
portion (74) of said non-mounted-tire Information 

45 determining portion (74) includes a temperature-dif- 
ference-basis determining portion (74) which deter- 
mines whether each of said tire data sets (52, 54, 
56, 58, 60) received by said receiver (70, 78; 196) 
has been transmitted from said non-mounted tire 

so (1 2) or not, on the basis of a difference between an 
ambient temperature and said temperature repre- 
sented by said temperature data (58) upon initiation 
of running of the vehicle, and also at least one of 
said temperature represented by said temperature 

55 data during running of the vehicle and change of 
said temperature represented by said temperature 
data during running of the vehicle. 
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12. A vehicle tire information obtaining apparatus ac- 
cording to any one of claims 2-11, wherein said non- 
mounted-tire information determining portion (74) 
includes a number-basis checking portion (74) 
which checks determination as to whether each of 5 
said tire data sets (52, 54, 56, 58, 60) has been 
transmitted from said non-mounted tire (12), by 
seeing if a number of said tire data sets determined 
to have been transmitted from said non-mounted 
tire is not larger than a predetermined number. 10 

13.. A vehicle tire information obtaining apparatus ac- 
cording to any one of claims 2-12, 

wherein each of said tire data sets (52, 54, 56, 
58, 60) includes an identification data (54) which 15 
identifies a corresponding one of said plurality of 
tires (10, 12), 

wherein said non-mounted-tire information 
determining portion (74) includes a non-mounted- 
tire identification data obtaining portion (74) which 20 
is activated to obtain a content represented by said 
identification data of said non-mounted tire (12), 

and wherein said non-mounted-tire identifica- 
tion data obtaining portion is activated each time a 
predetermined condition is satisfied. 25 

14. A vehicle tire information obtaining apparatus ac- 
cording to claim 13, 

wherein said n on -mounted-tire information 
separator (74) separates said one of said tire data 30 
.sets (52, 54, 56, 58, 60) transmitted from said non- 
mounted tire (12) on the basis of the content repre- 
sented by said identification data (54) of said non- 
,mounted tire (1 2) that has been obtained as a result 
» of last satisfaction of said predetermined condition, 35 
during a period of time after a first moment at which 
said predetermined condition is newly satisfied and 
before a second moment at which the content rep- 
resented by said identification data of said non- 
mounted tire is newly obtained, 40 

and wherein said non-mounted-tire informa- 
tion separator separates said one of said tire data 
sets transmitted from said non-mounted tire on the 
basis of the content represented by said identifica- 
tion data of said non-mounted tire that is newly ob- 45 
tained as a result of new satisfaction of said prede- 
termined condition, after said second moment. 

15. A vehicle tire information obtaining apparatus ac- 
cording to claim 13, 50 

wherein said non-mounted-tire information 
separator (74) does not separate said one of said 
tire data sets (52, 54, 56, 58, 60) transmitted from 
said non-mounted tire (12), during a period of time 1 
after a first moment at which said predetermined 55 
condition is newly satisfied and before a second 
moment at which the content represented by said 
identification data (54) of said non-mounted tire is 



newly obtained, 

and wherein said non-mounted-tire informa- 
tion separator separates said one of said tire data 
sets transmitted from said non-mounted tire on the 
basis of the content represented by said identifica- 
tion data of said non-mounted tire that is newly ob- 
tained as a result of new satisfaction of said prede- 
termined condition, after said second moment. 

16. A vehicle tire information obtaining apparatus ac- 
cording to any one of claims 1-15, 

wherein each of said tire data sets (52, 54, 56, 
58, 60) includes a quantitative data element (56, 
58), 

said vehicle tire information obtaining appara- 
tus further comprising: 

a tire information sorter (74) which sorts said 
tire data sets (52, 54, 56, 58, 60) received by 
said receiver, according to a predetermined 
threshold value, on the basis of said quantita- 
tive data element of each of said tire data sets. 

. A vehicle tire information obtaining apparatus ac- 
cording to claim 16, 

wherein said quantitative data element (56, 
58) is provided by each of said at least one tire-state 
data element (56, 58), 

and wherein said tire Information sorter (74) 
includes a threshold-value determining portion (74) 
which determines said threshold value, on the basis 
of a tire-state-related value represented by each of 
said at least one tire-state data element when a run- 
ning state of the vehicle satisfies a predetermined 
condition. 

A vehicle tire information obtaining apparatus ac- 
cording to claim 16, 

wherein said non-mounted-tire information 
separator (74) includes a non -mounted-tire infor- 
mation determining portion (74) which determines 
whether each of said tire data sets (52, 54, 56, 58, 
60) received by said receiver (70, 78; 1 96) has been 
transmitted from said non-mounted tire (12) or not, 

and wherein said tire information sorter (74) 
is included in said non-mounted-tire information de- 
termining portion, and includes a threshold-basis 
non-mounted-tire information sorting portion (74) 
which sorts out said one of said tire data sets trans- 
mitted from said non-mounted tire, from said one of 
said tire data sets transmitted from said mounted 
tire (10). 

A vehicle tire information obtaining apparatus ac- 
cording to any one of claims 1-18, comprising a non- 
mounted-tire information ignorer (74) which ignores 
said one of said tire data sets (52, 54, 56, 58, 60) 
transmitted from said non-mounted tire (12). 



35 



BNSDOCID: <EP 1338446A2 I > 



69 



EP 1 338 446 A2 



70 



20. A vehicle tire information obtaining apparatus ac- 
cording to any one of claims 1 -1 9, comprising a data 
processor (74) which processes said one of said tire 
data sets (52, 54, 56, 58, 60) transmitted from said 
mounted tire (10) and which does not process said 
one of said tire data sets transmitted from said non- 
mounted tire (12). 

21. A vehicle tire information obtaining apparatus ac- 
cording to any one of claims 1 -20, comprising a data 
processor (74) which processes said one of said tire 
data sets (52, 54, 56, 58, 60) in a mounted-tire data 
processing manner and which processes said one 
of said tire data sets in a non-mounted-tire data 
processing manner that is different from said 
mounted-tire data processing manner 

22. A vehicle tire information obtaining apparatus ac- 
cording to any one of claims 1 -21 , 

wherein each of said tire data sets (52, 54, 56, 
58, 60) includes an identification data (54) which 
identifies a corresponding one of said plurality of 
tires (10, 12), 

said vehicle tire information obtaining appara- 
tus comprising a non-mounted-tire identification da- 
ta storage (77B) which distinguishes the tire data 
set transmitted from said non-mounted tire (12), 
from the tire data set transmitted from said mounted 
tire (10), and which stores the identification data in- 
cluded in said tire data set transmitted from said 
non-mounted tire. 

23. A vehicle tire information obtaining apparatus ac- 
cording to any one of claims 1 -22, wherein said non- 
mounted-tire information separator (200, 202; 210; 
212) includes a communication inhibitor (200, 202; 
210; 212) which inhibits a communication between 
said receiver (70, 78; 1 96) and one of said transmit- 
ters (38) provided in said non-mounted tire (12). 

24. A vehicle tire information obtaining apparatus ac- 
cording to claim 23, wherein said communication in- 
hibitor (200, 202; 21 0; 212) includes an information- 
reception disabling portion (200, 202; 210; 212) 
which disables a signal from said one of said trans- 
mitters (38) provided in said non-mounted tire (12), 
from being received by said receiver (70, 78; 196). 

25. A vehicle tire information obtaining apparatus ac- 
cording to claim 23 or 24, wherein said information- 
reception inhibitor (200, 202; 210; 212) includes a 
shielding member (210, 212) which blocks trans- 
mission of a signal from said one of said transmit- 
ters (38) provided in said non-mounted tire (12), to 
said receiver (70, 78; 196). 

26. A vehicle tire information processing apparatus for 
processing tire information (50) relating to a plurality 



of tires (1 0, 1 2) of a vehicle which include a mounted 
tire (10) mounted on an axle of the vehicle and a 
non-mounted tire (12) carried by the vehicle, said 
apparatus comprising: 

5 

tire state detectors (30, 32; 102, 104, 106) 
which are provided in the respective tires (10, 
1 2) and each of which detects a state of a cor- 
responding one of said tires; 

10 transmitters (38) which are provided in the re- 

spective tires and which transmit tire data sets 
(52, 54, 56, 58, 60), as said tire information, 
each containing at least one tire-state data el- 
ement (56, 58) representative of the detected 

is state of a corresponding one of said tires; 

a receiver (70, 78; 196) which is provided in a 
body (22) of the vehicle and which receives said 
tire data sets transmitted by said transmitters; 
and 

20 a mounted-tire-state-data processor (74) which 

processes the tire-state data element transmit- 
ted from said mounted tire, and which does not 
process the tire-state data element transmitted 
from said non-mounted tire. 

25 

27. A vehicle tire information processing apparatus ac- 
cording to claim 26, 

wherein said at least one tire-state data ele- 
ment (56, 58), which represents the detected state 
30 of the corresponding one of said tires, includes an 
air pressure data (56) representative of an air pres- 
sure of said corresponding tire, 

and wherein said mounted-tire-state -data 
processor (74) includes a non-mounted-tire pres- 
35 sure data ignoring portion (74) which ignores the air 
pressure data included in said at least one tire-state 
data element transmitted from said non-mounted 
tire (12). 

40 28. A vehicle tire information processing apparatus ac- 
cording to claim 26 or 27, 

wherein said at least one tire-state data ele- 
ment (56, 58), which represents the detected state 
of the corresponding one of said tires, includes an 

45 air pressure data (56) representative of an air pres- 
sure of said corresponding tire, 

and wherein said mounted-tire-state-data 
processor (74) includes a data output controlling 
portion (74) which does not output the air pressure 

so data included in the tire-state data element trans- 
mitted from said non-mounted tire (12), to an exter- 
nal device (80) provided outside said vehicle tire in- 
formation processing apparatus, said data output 
controlling portion outputting the air pressure data 

55 included in the tire-state data element transmitted 
from said mounted tire (1 0), to said external device. 

29. A vehicle tire information processing apparatus ac- 
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cording to any one of claims 26-28, 

wherein said at least one tire-state data ele- 
ment (56, 58), which represents the detected state 
of the corresponding one of said tires, includes an 
air pressure data (56) representative of an air pres- 5 
sure of said corresponding tire, 

and wherein said mounted-tire-state-data 
processor (74) includes: 

an air-pressure abnormality determining por- 10 
tion (74) which effects a determination as to 
whether the air pressure of each of said tires 
(10, 12) is lower than a predetermined mini- 
mum value or not; and 

an informing device (72) which informs a vehi- is 
cle operator of a tire-air-pressure abnormality 
when an affirmative decision in said determina- 
tion is obtained on the basis of the air pressure 
data included in the tire-state data element 
transmitted from said mounted tire (10), and 20 
which does not inform the vehicle operator of 
the tire-air-pressure abnormality when the af- 
firmative decision in said determination is ob- 
tained on the basis of the air pressure data in- 
cluded in the tire-state data element transmit- 25 
ted from said non-mounted tire (12). 

30. A vehicle tire information processing apparatus ac- 
cording to claim 29, wherein said informing device 
(72) includes: 30 

an indicator which is activated to indicate the 
tire-air-pressure abnormality; and 
an indicator controlling portion (74) which acti- 
vates said indicator when the affirmative deci- 35 
sion in said determination is obtained on the ba- 
sis of the air pressure data (56) included in the 
tire-state data element (56, 58) transmitted 
from said mounted tire (1 0), and which does not 
activate said indicator when the affirmative de- 40 
cision in said determination is obtained on the 
basis of the air pressure data included in the 
tire-state data element transmitted from said 
non-mounted tire (12). 

45 

31. A vehicle tire information processing apparatus for 
processing tire information (50) relating to a plurality 
of tires (1 0, 1 2) of a vehicle which include a mounted 
tire (10) mounted on an axle of the vehicle and a 
non-mounted tire (12) carried by the vehicle, said so 
apparatus comprising: 

tire state detectors (30, 32; 102, 104, 106) 
which are provided in the respective tires (10, 
1 2) and each of which detects a state of a cor- ss 
responding one of said tires; 
transmitters (38) which are provided in the re- 
spective tires and which transmit tire data sets 



(52, 54, 56, 58, 60), as said tire information, 
each containing at least one tire-state data el- 
ement (56, 58) representative of the detected 
state of a corresponding one of said tires; 
a receiver (70, 78; 196) which is provided in a 
body (22) of the vehicle and which receives said 
tire data sets transmitted by said transmitters; 
a non-mounted-tire information determining 
portion (74) which determines whether each of 
said tire data sets received by said receiver has 
been transmitted from said non-mounted tire 
(12) or not; and 

a data processor (74) which processes said tire 
data sets in a predetermined first manner when 
one of said tire data sets can be determined to 
have been transmitted from said non-mounted 
tire, said data processor processing said tire 
data sets in a predetermined second manner 
different from said predetermined first manner 
when none of said tire data sets can be deter- 
mined to have been transmitted from said non- 
mounted tire. 

32. A vehicle tire information processing apparatus ac- 
cording to claim 31, 

wherein said data processor (74) processes 
said tire data sets (52, 54, 56, 60) without taking 
account of whether each of said tire data sets has 
been transmitted from said mounted tire (1 0) or said 
non-mounted tire (12), when none of said tire data 
sets can be determined to have been transmitted 
from said non-mounted tire, 

and wherein said data processor (74) proc- 
esses said tire data sets, by taking account of 
whether each of said tire data sets has been trans- 
mitted from said mounted tire or said non-mounted 
tire, when one of said tire data sets can be deter- 
mined to have been transmitted from said non- 
mounted tire. 

33. A vehicle tire information processing apparatus for 
processing tire information (50) relating to a plurality 
of tires ( 1 0, 1 2) of a vehicle which include a mounted 
tire (10) mounted on an axle of the vehicle and a 
non-mounted tire (12) carried by the vehicle, said 
apparatus comprising: 

tire state detectors (30, 32; 102, 104, 106) 
which are provided in the respective tires (10, 
1 2) and each of which detects a state of a cor- 
responding one of said tires; 
transmitters (38) which are provided in the re- 
spective tires and which transmit tire data sets 
(52, 54, 56, 58, 60), as said tire information, 
each containing, at least one tire-state data el- 
ement (56, 58) representatives of the detected 
state of a corresponding one of said tires; 
a receiver (70, 78; 196) which is provided in a 
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body (22) of the veh icle and which receives said 
tire data sets transmitted by said transmitters; 
and 

a pressure-data processor (74) which process- 
es an air pressure data (56) included in said at 
least one tire-state data element, 

wherein said pressure-data processor in- 
cludes: 

an air-pressure abnormality determining por- 
tion (74) which effects a determination as to 
whether an air pressure of each of said tires is 
lower than a predetermined minimum value or 
not; and 

an informing device (72) which informs a vehi- 
cle operator of a result of said determination in 
one of different manners that is selected de- 
pending upon whether said result of said deter- 
mination relates to said mounted tire or said 
non-mounted tire. 

34. A vehicle tire information processing apparatus ac- 
cording to claim 33, wherein said informing device 
(72) includes at least two indicators (1 50, 1 52; 1 60, 
162, 164, 166, 168; 170, 172, 174, 176, 178), one 
of which is placed in one of different operational 
states that is selected depending upon whether the 
air pressure of said mounted tire (10) is lower than 
the predetermined minimum value or not, and the 
other of which is placed in one of different opera- 
tional states that is selected depending upon wheth- 
er the air pressure of said non-mounted tire (12) is 
lower than the predetermined minimum value or 
not. 

35. A vehicle tire information processing apparatus for 
processing tire information (50) relating to a plurality 
of tires (10, 1 2) of a vehicle which include a mounted 
tire (10) mounted on an axle of the vehicle and a 
non-mounted tire (12) carried by the vehicle, said 
apparatus comprising: 

tire state detectors (30, 32; 102, 104, 106) 
which are provided in the respective tires (10, 
12) and each of which detects a state of a cor- 
responding one of said tires; 
transmitters (38) which are provided in the re- 
spective tires and which transmit tire data sets 
(52, 54, 56, 58, 60), as said tire information, 
each containing at least one tire-state data el- 
ement (56, 58) representative of the detected 
state of a corresponding one of said tires; 
a receiver (70, 78; 196) which is provided in a 
body (22) of the vehicle and which receives said 
tire data sets transmitted by said transmitters; 
and 

a data processor (74) which processes said tire 



data sets received by said receiver, 

wherein said data processor includes a data- 
processing restricting portion (74) which restricts 
5 processing of one of said tire data sets that has 
been transmitted from said non-mounted tire. 

36. A vehicle tire information obtaining apparatus for 
obtaining tire information (50) relating to a plurality 
10 of tires (1 0, 1 2) of a vehicle which include a mounted 
tire (10) mounted on an axle of the vehicle and a 
non-mounted tire (12) carried by the vehicle, said 
apparatus comprising: 

15 tire state detectors (30, 32; 102, 104, 106) 

which are provided in the respective tires (10, 
1 2) and each of which detects a state of a cor- 
responding one of said tires; 
transmitters (38) which are provided in the re- 
20 spective tires and which transmit tire data sets 

(52, 54, 56, 58, 60), as said tire information, 
each containing at least one quantitative data 
element (56, 58) representative of the detected 
state of a corresponding one of said tires; 
25 a receiver (70, 78; 196) which is provided in a 

body (22) of the vehicle and which receives said 
tire data sets transmitted by said transmitters; 
a tire information sorter (74) which sorts said 
tire data sets received by said receiver, accord- 
so ing to a threshold value, on the basis of said 
quantitative data element; and 
a threshold-value determining portion (74) 
which determines said threshold value during 
running of the vehicle. 

35 

37. A vehicle tire information obtaining apparatus ac- 
cording to any one of claims 3-25, wherein said non- 
mounted-tire information determining portion (74) 
of said non-mounted-tire information separator (74) 

40 determines whether each of said tire data sets (52, 
54, 56, 58, 60) received by said receiver (70, 78; 
1 96) has been transmitted from said non-mounted 
tire (12) or not, by taking account of an operating 
environment of each of said tires (10, 12). 

45 

38. A vehicle tire information obtaining apparatus ac- 
cording to any one of claims 8-25 and 37, further 
comprising: 

so a running-state detector (83, 114) which de- 

tects a running state of the vehicle, 

wherein said running-state basis determining 
portion (74) determines whether each of said tire 
55 data sets (52, 54, 56, 58, 60) received by said re- 
ceiver (70, 78; 196) has been transmitted from said 
non-mounted tire (12) or not, on the basis of said 
running state detected by said running-state detec- 
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tor, in addition to said at least one tire-state data 
element (56, 58). 

39. A vehicle tire information obtaining apparatus ac- 
cording to any one of claims 1 -25, 37 and 38, s 

wherein said receiver (70, 78; 196) includes 
a non-mounted-tire-information receiving antenna 
(1 96) which is capable of receiving said one of said 
tire data sets (52, 54, 56, 58, 60) transmitted from 
one of said transmitters (38) provided in said non- 10 
mounted tire (12) and which is not capable of re- 
ceiving said one of said tire data sets transmitted 
from one of said transmitters provided in said 
mounted tire (10), so that said non-mounted-tire in- 
formation separator (74) separates said one of said 15 
tire data sets received by said non-mounted-tire-in- 
formation receiving antenna, from said one of said 
tire data sets not received by said non-mounted- 
tire-information receiving antenna. 
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The Search Division considers that the present European patent application does not comply with the 
requirements of unity of invention and relates to several inventions or groups of inventions, namely: 

1. claims: 1-25 

A vehicle tire information obtaining apparatus comprising 
tire state detectors, transmitters and a receiver, 
characterl2ed by a non-mounted tire information separator to 
separate the information transmitted from the non-mounted 
tire from that of the mounted tires. 



2. claims: 26-30 

A vehicle tire information processing apparatus comprising 
tire state detectors, transmitters and a receiver, 
characterized by 

a mounted-tire-state-data processor which processes data 
transmitted from a mounted tire and not from a non-mounted 
tire. 



3. claims: 31,32 

A vehicle tire Information processing apparatus comprising 
tire state detectors, transmitters and a receiver, 
characterized by 

a non-mounted tire information determining portion and 

a data processor with two processing manners, depending on 

whether the data has been transmitted from a mounted tire or 

not. 



4. claims: 33,34 

A vehicle tire Information processing apparatus comprising 
tire state detectors, transmitters and a receiver, 
characterized by 

a pressure data processor, which includes i) an air pressure 
abnormality determining portion and 11) an informing device. 



5. claim: 35 

A vehicle tire information processing apparatus comprising 
tire state detectors, transmitters and a receiver, 
characterized by 

a data processor which Includes a data processing 
restricting portlonfor data transmitted from the non-mounted 
tire. 



6. claims: 36-39 
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LACK OF UNITY OF INVENTION 
SHEET B 



EP 03 00 2997 



Application Number 



The Search Division considers that the present European patent application does not comply with the 
requirements of unity ol invention and relates to several inventions or groups ot inventions, namely: 



A vehicle tire Information obtaining apparatus comprising 
tire state detectors, transmitters and a receiver, 
characterized by 

a tire Information sorter, according to a threshold value, 
and 

a threshold value determining portion. 
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